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Abstract 
Consumer has growing attention on low-calorie food products with increased dietary fiber 
(DF) content. Studies have shown that consumption of DF reduces risks of chronic diseases 
such as cancer, cardiovascular diseases and diabetes mellitus. DF enrichment in bakery and 
extruded products has been widely studied. Common DF sources include cereal brans, 
hazelnut testa, common beans, coca and coconut. Sclerotia of Pleurotus tuber-regium (PTR) 
contain a more than 80% dry weight of DF with 70% of non-starch polysaccharides (NSP) 
which are mainly p-glucans, making it a possible novel source of DF-rich ingredient in food 
industry. 
Different levels (0，5，7.5 and 10%) of mushroom powder (MP) from sclerotia of PTR were 
used to substitute wheat flour used to produce three bakery products, including bread, 
crackers and cookies. The effect of MP on the physical attributes of the bakery products was 
studied. Addition of 7.5 or higher % of MP significantly (p<0.05) decreased the loaf volume 
of bread with no significant difference (p>0.05) found in the softness of bread crumb. Spread 
ratio and thickness of crackers were significantly (p<0.05) reduced upon addition of 7.5 or 
higher % of MP. Hardness of cookies was significantly (p<0.05) reduced when 10% MP was 
added. The total dietary fiber (TDF) content was not affected by the different processing 
conditions in the MP-enriched bakery products, indicating that MP from PTR can be used as 
ingredient in DF-enriched bakery products. 
Extrusion variables (temperature, total moisture and screw speed) and composition of raw 
materials may affect the physical attributes of extruded products. The effect of addition of 
10% MP on pastry flour and extrusion conditions on the physical attributes including 
expansion ratio, density, hardness, water absorption index (WAI) and water solubility index 
(WSI) of wheat-based extruded products was studied. MP-containing extruded products had 
significant (p<0.05) lower expansion ratio and lower WAI than non-MP-containing extruded 
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products. Among the different variables, moisture affected the physical attributes of extruded 
products significantly (/7<0.05). MP-containing as well as non-MP-containing extruded 
products extruded at lower moisture content had significant (p<0.05) higher expansion ratio 
than those extruded at higher moisture content while hardness of the extrudates significantly 
(p<0.05) decreased. Non-MP-containing extruded products extruded at lower moisture had 
significant (p<0.05) lower density and higher WSI than those extruded at higher moisture 
content. A decrease in TDF content, insoluble dietary fiber (IDF) content and an increase in 
soluble dietary fiber (SDF) content in the MP-containing extrudates were found. 
The nutritional effect of MP-containing extrudates was studied by feeding experiments in 
Sprague-Dawley (SD) rats. A total of three diets were tested including a flour-based control 
diet and two treatment diets which are extrudate-based and MP-extrudate based. The two 
extrudate-based diets had no significant (p>0.05) effect on the growth and protein utilization 
in the rats. There was no significant (p>0.05) changes in the serum total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C)，low-density lipoprotein cholesterol (LDL-C) 































List of Tables 
Table 1.1 Effects of addition of dietary fiber on physical attributes of 17 
bakery products 
Table 1.2 The extrusion conditions of some commonly extruded cereals 23 
Table 1.3 Effects of extrusion on dietary fiber content on food products 25 
Table 2.1 Extrusion conditions used in preparation of extruded products 37 
Table 2.2 Protein and TDF content of extrudates used in experimental diets 48 
Table 2.3 Chemical composition of the experimental diets (g/lOOg of diet) 49 
Table 3.1 Crude protein content of flour used in bakery and extruded 54 
products 
Table 3.2 Moisture content of flour used in bakery and extruded products 55 
Table 3.3 Water absorption, development time and stability of flour 57 
Table 3.4 Weight, Volume and density of bread with different amount of 59 
MP added 
Table 3.5 Hardness of bread crumb with different amount of MP added 62 
Table 3.6 Weight, dimensions and thickness of crackers with different 64 
amount of MP added 
Table 3.7 Volume of crackers with different amount of MP added 65 
Table 3.8 Hardness of crackers with different amount of MP added 66 
V 
Table 3.9 Moisture of crackers with different amount of MP added 67 
Table 3.10 Thickness, diameter and spread ratio of cookies with different 69 
amount of MP added 
Table 3.11 Hardness of cookies with different amount of MP added 70 
Table 3.12 Expansion ratio, density and hardness of extrudates containing 73 
0% and 10% MP produced by different extrusion conditions 
Table 3.13 Physical attributes of different extrudates produced from 76 
different raw materials 
Table 3.14 The effect of addition of fiber on expansion ratio of extrudates 77 
from different raw materials 
Table 3.15 WAI and WSI of extrudates containing 0% and 10% MP 79 
produced by different extrusion conditions 
Table 3.16 Physical attributes of extrudates produced from pastry flour 83 
with 0% and 10% MP produced at different barrel temperature 
Table 3.17 TDF content of bread with different amount of MP added 87 
Table 3.18 Physical attributes of extrudates produced from pastry flour 85 
with 0% and 10% MP produced at different screw speed 
Table 3.19 Mean physical attributes of extrudates produced from pastry 86 
flour with 0% and 10% MP produced at various extrusion parameters 
Table 3.20 TDF content of crackers with different amount of MP added 88 
Table 3.21 TDF content of cookies with different amount of MP added 89 
v i 
Table 3.22 TDF, SDF and IDF content of extrudates produced from pastry 91 
flour with 0% and 10% MP added at different extrusion conditions 
Table 3.23 Weight gain and food intake of rats fed diets incorporated with 93 
extrudates containing 0% and 10% MP 
Table 3,24 Organ weight of rats fed diets incorporated with extrudates 94 
containing 0% and 10% MP 
Table 3.25 True digestibility (TD), biological value (BV) and net protein 95 
utilization (NPU) of rat fed diets incorporated with extrudates 
containing 0% and 10% MP 
Table 3.26 Serum lipid profile of rat fed diets incorporated with extrudates 96 
containing 0% and 10% MP 
v i i 
List of Figures 
Figure 1.1 Sclerotia of Pleurotus tuber-regium 2 
Figure 1.2 A typical farinogram of soft wheat flour 7 
Figure 1.3 A model of dough expansion 11 
Figure 1.4 Illustration of a food extruder 20 
Figure 2.1 Sample of sclerotia of Pleurotus tuber-regium 29 
Figure 2.2 A typical Barbender farinograph 31 
Figure 2.3 A 90-minute schedules for bread-making 33 
Figure 2.4 Sheeting procedures for crackers dough 34 
Figure 2.5 Photo of a APV MPF 19-25 extruder 36 
Figure 2.6 Illustration of a volumeter 38 
Figure 2.7 Illustration of a texture analyzer (TX-HDi) 39 
Figure 2.8 Photo of texture analysis for cracker 41 
Figure 2.9 Photo of measurement of thickness of cookies 42 
Figure 3.1 Appearance of crumb of bread with different amount of 60 
MP added 
Figure 3.2 Appearance of crust of bread with different amount of 60 
MP added 
Figure 3.3 Appearance of crackers with different amount of MP 64 
added 
vi i i 
Figure 3.4 Appearance of cookies with different amount of MP 69 
added 
Figure 3.5 Appearance of extrudates containing 0% and 10% MP 74 





List of Tables v 
List of Figures viii 
L Introduction 1 
1.1 Dietary fiber 1 
1.1.1 Introduction of dietary fiber 1 
1.1.2 Sclerotia of Pleurotus tuber-regium as a source of dietary fiber 2 
1.2 Bakery products 3 
1.2.1 Wheat 3 
1.2.2 Flour 4 
1.2.2.1 Flour protein 4 
1.2.2.2 Rheological test of flour quality 5 
1.2.3 Bread 8 
1.2.3.1 Ingredient 8 
1.2.3.2 Bread-making process 10 
1.2.4 Crackers and cookies 12 
1.2.5 Effect of addition of dietary fiber in bakery products 14 
1 -3 Extrusion cooking 18 
1.3.1 Introduction of extrusion cooking 1 g 
1.3.2 Food extruders 19 
1.3.3 Application of extrusion 21 
V 
1.3.4 Extrusion of starchy materials 23 
1.3.5 Effect of extrusion dietary fiber content 24 
1.3.6 Effect of extrusion on other nutritional properties 26 
1.4 Objectives 28 
2 Materials and Methods 29 
2.1 Mushroom powder 29 
2.2 Flour 29 
2.2.1 Crude protein content 29 
2.2.2 Moisture content 30 
2.2.3 Farinograph 30 
2.3 Bakery products 31 
2.3.1 Bread 31 
2.3.2 Crackers 33 
2.3.3 Cookies 35 
2.4 Extrudates 36 
2.5 Physical measurement 37 
2.5.1 Bread 37 
2.5.1.1 Weight, volume and density 37 
2.5.1.2 Hardness 38 
2.5.2 Crackers 40 
2.5.2.1 Weight, dimensions and thickness 40 
xi 
2.5.2.2 Volume 40 
2.5.2.3 Hardness 40 
2.5.2.4 Moisture 41 
2.5.3 Cookies 42 
2.5.3.1 Weight, thickness and diameter 42 
2.5.3.2 Hardness 42 
2.5.4 Extrudates 43 
2.5.4.1 Expansion ratio 43 
2.5.4.2 Density 43 
2.5.4.3 Hardness 43 
2.5.4.4 Water absorption index (WAI) 43 
2.5.4.5 Water solubility index (WSI) 44 
2.6 Dietary fiber content 44 
2.6.1 Preparation of samples 44 
2.6.2 Total dietary fiber (TDF), Insoluble dietary fiber (IDF) and 45 
Soluble dietary fiber (SDF) 
2.6.3 Protein and ash correction 46 
2.7 Nutritional evaluation of extrudates using rat model 47 
2.7.1 Determination of crude protein content in extrudates 47 
2.7.2 Diet preparation 47 
2.7.3 Feeding experiments 50 
2.7.4 Nitrogen balance experiment 50 
2.7.5 Determination of serum lipid profile 51 
2.7.5.1 Serum total triglyceride (TG) 51 
2.7.5.2 Serum total cholesterol (TC) 51 
2.7.5.3 Serum high-density lipoprotein cholesterol 52 
(HDL-C) 
xi i 
2.8 Statistical analysis 53 
3 Results and Discussion 54 
3.1 MP-enriched flours 54 
3.1.1 Crude protein content of plain flour 54 
3.1.2 Moisture content of plain flour 55 
3.1.3 Farinograph of MP-enriched flours 56 
3.2 Physical characteristics of MP-containing bakery products 59 
3.2.1 MP-enriched bread 59 
3.2.1.1 Weight, volume and density 59 
3.2.1.2 Hardness 61 
3.2.2 MP-enriched crackers 63 
3.2.2.1 Weight, dimensions and thickness 63 
3.2.2.2 Volume 65 
3.2.2.3 Hardness 66 
3.2.3 MP-enriched cookies 68 
3.2.3.1 Weight, thickness and diameter 68 
3.2.3.2 Hardness 70 
3.2.4 Extrudates of MP-enriched pastry flour 71 
3.2.4.1 Expansion ratio 71 
3.2.4.2 Density 75 
3.2.4.3 Hardness 75 
3.2.4.4 Water absorption index (WAI) 78 
3.2.4.5 Water solubility index (WSI) 80 
3.2.4.6 Effect of extrusion condition on physical 81 
attributes of extrudates 
xi i i 
3.3 Dietary fiber content in MP-containing bakery products 87 
3.3.1 MP-enriched bread 87 
3.3.2 MP-enriched crackers 88 
3.3.3 MP-enriched cookies 89 
3.3.4 Extrudates produced form MP-enriched pastry flour 90 
3.4 Nutritional evaluation of extrudates using rat model 93 
3.4.1 Weight of animals 93 
3.4.2 Weight of vital organs 93 
3.4.3 Nitrogen balance experiment 94 
3.4.4 Serum lipid profile 96 
4 Conclusion 98 
5 References 101 
x i v 
1. Introduction 
1.1 Dietary fiber 
1.1.1 Introduction of dietary fiber 
‘Dietary fiber is the edible parts of plants or analogous carbohydrates that are resistant to 
digestion and absorption in the human small intestine with complete or partial fermentation in 
the large intestine. Dietary fiber includes polysaccharides, oligosaccharides, lignin, and 
associated plant substances. Dietary fiber promotes beneficial physiological effects including 
laxation, and/or blood cholesterol attenuation, and/or blood glucose attenuation' (AACC 
Report 2001). Studies have shown that high intake of dietary fiber is able to reduce incidence 
of chronic diseases, such as cardiovascular disease (Pereira et al, 2004; Lairon et al, 2005) 
and colon cancer (Wakai et al, 2007). 
Dietary fiber offers a wide range of physiological benefits to human's health. Dietary fiber 
influences blood lipid level by its binding effect. It binds bile salts and cholesterol to reduce 
their absorption (Schlenker, 2003). Dietary fiber also has a viscous and fibrous structure 
contributing to its ability to slow down the release of glucose in blood. High dietary fiber 
food is therefore regarded as low glycemic index food which helps in proper control of 
diabetes mellitus (Brand et al, 1991). Besides, as a result of its water-binding ability, intake 
of high fiber food gives a sense of satiety with low calories and therefore can be used in 
weight management. Dietary fiber, such as fructo-oligosaccharides and some other soluble 
dietary fiber may also acts as prebiotics. Prebiotics are non-digestible ingredients that 
beneficially affect the host by selectively stimulating growth of bacterial in colon, improving 
host health (Jefferson & Cowbrough, 2005). 
According to the Dietary Guidelines for Americans in 2005, the recommended dietary fiber 
intake is 14 grams per 1,000 calories (i.e. 21-38/day for adults). However, an average 
1 
American consumes only 14 grams of dietary fiber a day (Anderson, et al.，2005). The 
development of fiber-enriched food products is a possible way to increase intake of dietary 
fiber. Use of fiber information is increasing in the food market. Studies have shown that the 
increase in the demand of high-fiber labeled food (Mialon et al., 2002) and consumers seem 
to be willing to pay more for food products labeled as high fiber (Ginon et al., 2009). 
1.1.2 Sclerotia of Pleurotus tuber-regium (PTR) as a source of dietary fiber 
Mushroom has been known as a valuable health food with a good source of protein, 
carbohydrate, trace mineral and low in fat (Ouzouni et al.，2007). Mushroom has high dietary 
fiber content in different developmental stages, including mycelia, fruiting bodies and 
sclerotia (Cheung, 1996a; Wong et al., 2003). 
PtenrtHtiM tHher-rrfrittm (Fr.» Sing. dtffijlBH) H 
Figure 1.1 Sclerotia of Pleurotus tuber-regium 
< 
Sclerotia of Pleurotus tuber-regium (PTR) contain 81.7% total dietary fiber (TDF) (Wong 
and Cheung, 2005), including 77.4% insoluble dietary fiber (IDF) and 2.50% soluble dietary 
fiber (SDF) (Wong et al, 2003). PTR therefore is a potential alternative DF source for fiber 
enrichment in food products. DF from sclerotia of PTR also has a higher degree of whiteness 
when compared with DF from barley (Wong & Cheung, 2005) which makes it a desirable 
source of DF for bakery products, e.g. white bread. When considering the water binding 
capacity of PTR (2.78 士 0.11 g/g on dry weight basis), it is not significantly differ from that 
of barley (2.54 土 0.21 g/g on dry weight basis) (Wong & Cheung, 2005). The water binding 
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capacity of DF may affect structure formation in various bakery products and extruded 
products. 
DF from mushroom also contributes other benefits in functional foods. Mushroom shows 
antioxidant activity in relation of the presence of phenolic compounds (Lo & Cheung，2005). 
Sclerotia of PTR are rich in non-starch polysaccharides with (3 (1—3) glucan as main 
component (Cheung & Lee，2000). p-glucan can be found in mushroom and endosperm cell 
wall of cereals，particularly in oats and barley. It can also be found in smaller amount in rye, 
wheat and sorghum (Tiwari & Cummins). Cereals contains P-glucan with p(l—)-3)(l—>-4) 
links while mushroom contains larger amounts of p(l—)'4)(l->6) mixed links and single 
linkages including p(l—3), p(l—4) and P(1^6) (Mullins,1990). p-glucan in mushrooms are 
distributed both in soluble and insoluble dietary fractions (Manzi & Pizzoferrato，2000). It 
has been shown that PTR has immunomodulatory and direct cytocidal anti-tumor activities 
(Zhang et al., 2001). It has been suggested that the viscosity of (3-glucan contributes to its 
effect in lowering blood cholesterol and glucose level (Wood, 2004). Therefore, DF from 
PTR can be an alternative fiber source providing additional functional properties. 
1.2 Bakery products 
1.2.1 Wheat 
"Baked products are foods manufactured from recipes largely based on or containing 
significant quantities of wheat or other cereal flours which are blended with other ingredients 
and are formed with distinctive shapes and undergo a heat processing step which involves the 
the removal of moisture in an oven located in a bakery" (Cauvain & Young 2006). 
Wheat flour is the main ingredient in various bakery products. Wheat belongs to the genus 
Triticum of the grass family Gramineae. It can be subdivided into diploid, tetraploid and 
hexaploid according to their number of chromosomes of reproductive cells. The hexaploid 
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type is known as common wheat or bread wheat while the tetraploid type is known as durum 
wheat or pasta wheat (Dobraszczyk, 2001). Common wheat can be further classified 
according to the hardness of wheat grain (known as kernel in the United States). Hard wheat 
generally has higher protein content than soft wheat. Hard wheat is normally used for bread 
and other leavened products when soft wheat is normally used for cookies and cake products. 
Hard wheat usually has high degree of starch damage after milling. Soft wheat milled to give 
flours with finer particles and low starch damage. 
1.2.2 Flour 
1.2.2.1 Flour protein 
Wheat flour contains 6 to 20% protein of which is mostly gluten (Dobraszczyk, 2001). 
Protein content is determined chemically either by the Kjeldahl or the Udy procedures 
(Owusu-Apenten, 2002a). Kjeldahl procedure is used to determine the nitrogen content which 
is converted to protein using a factor of 5.7 (Owusu-Apensten, 2002b). The Udy procedure is 
based on dye binding property of protein and the protein content is determined from a 
calibration chart. 
Wheat flour is unique among cereal flours as its dough can hold gas to produce a spongy 
structure when baked in oven. Quantity and quality of the gluten protein in flour are crucial to 
baking quality. Loaf volume generally increases with protein content. However, baking 
performance varies at any given protein content. This is due to the compositional differences 
of gluten proteins, such as the ratio of gliadins and glutenin (Cauvain & Young，2006). The 
quality of protein in wheat depends on the wheat cultivars. There is no commonly agreed 
definition of protein quality; therefore baking tests are important in determining the baking 
performance of flour. 
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Gluten protein is high in glutamic acid (amide form) and low in basic amino acids. The 
repulsion forces within the protein are low due to the low level of charges. This allows 
protein chain to interact readily which is necessary for dough formation. Gluten contains a 
variety of proteins with different molecular weights and solubility. They can be divided into 
two groups, gliadin (a prolamin) and glutenin (a glutelin). The two groups of proteins can be 
separated ethanol with glutenin precipitated, leaving gliadins in solution. Gliadin is single 
chain polymer with lower molecular weight. Gliadin has little resistance to extension and is 
therefore responsible for the cohesiveness of dough. Glutenin is polymer with higher 
molecular weight. It gives dough its property of resistance to extension due to its cross-linked 
structure (Dorbraszczyk, 2001). The ratio of gliadin and glutenin affects dough strength and 
the mixing time of bread and other bakery products. 
1.2.2.2 Rheological test of flour quality 
Subjective assessment of dough rheological tests are usually done before baking as baking 
quality is related to the rheological properties of dough. Mechanical properties, such as 
elasticity and viscosity, are measured in the tests. Commonly used methods include 
Farinograph, Mixograph, Alveograph and Extensograph (Catterall & Cauvain，2007), among 
which the mechanism of Farinograph will be discussed. 
Brabender Farinograph was developed in about 1930. It measures torque of two z- shaped 
counter-rotating mixing blades. It can be used to predict the amount of water added to the 
tested flour to achieve dough of fixed consistency, which is the water absorption of the flour 
(Dobraszczyk, 2001). It also measures the mixing characteristics and predicts the baking 
performance of the flour (Dobraszczyk, 2001). Torque produced is recorded as Brabender 
Unit (BU) on standard chart paper. Flour and water are mixed until maximum consistency of 
500 BU is reached. The output record is known as a farinogram. Figure 1.2 shows a 
farinogram of soft wheat flour. 
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Development time, also known as peak time or mixing time, is the time required for the 
dough to develop its maximum consistency after water is added. Generally hard wheat flour 
requires longer time to reach maximum consistency due to its higher water absorption. 
Stability is the time difference between the point at which the curve first intercepts the 500-
BU line and the point at which the curve leaves the 500 BU line. It indicates the tolerance of 
mixing of the flour. High stability is desirable for bread flour, 
6 
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Bread is one of the most popular bakery products. According to the Federation of Bakers, the 
western European bread industry produces 25 million tonnes of bread per annum (The 
Federation of Bakers Annual report 2004). A typical formula of bread includes wheat flour, 
yeast, salt, ascorbic acid and water. Ingredients combined with wheat flour in the recipe 
contribute to changes in functionality of wheat flour. The interaction between ingredients is 
relatively complex when compared to other processed food. 
Flour 
As discussed in previous section (Section 1.2.2), wheat flours with higher protein contents 
have generally more appropriate protein qualities than those with lower protein contents and 
are therefore more suitable for to bread-making (Cauvain & Young，2006). Gluten in flour is 
essential to the formation of bread structure. 
Starch in flour also plays a vital role in bread making. It acts as a substrate for yeast, through 
its breakdown to maltose by amylolytic enzymes and contributes to the physical structure of 
the finished products (Cauvain, 2003). Levels of these enzymes in grains depend on the stage 
of growing cycle as well as the climate when wheat is harvested. Amount of damaged starch 
in flour also increases the water absorption of flour. The starch granules swell upon 
absorption of water. This weakens the bonds holding the polymers. At gelatinisation, which 
commonly occurs at 60-90 °C, the disruption of the granule is complete. Gelatinisation plays 
a vital part in the formation of bread structure. Yet, it should be noticed that high levels of 
starch damage in white flours can lead to the loss of bread volume. 
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Yeast 
Baker's yeast, Saccharomyces cerevisiae, utilizes simple sugar to produce carbon dioxide and 
alcohol. Yeast activity increases rapidly with the temperature. Its level of use can be reduced 
when the temperature increases within a fixed time process. The yeast is inactivated at 55°C 
and the rate of evolution of carbon dioxide falls after that (Cauvain & Young, 2006). Besides 
acting as a leavening agent, yeast also affects rheological properties of dough by lowering pH 
as a result of carbon dioxide production, evolution of alcohol and the mechanical effects of 
bubble expansion (Kent & Evers, 1994). 
Salt 
Salt helps in developing flavour of the bread. It also toughens the gluten and gives less sticky 
dough (Kent & Evers，1994). Salt limits the rate of fermentation; therefore it is sometimes 
added after the dough has been partly fermented. Ionic nature of salt can help in control of 
product water activity and therefore increase mould-free shelf-life of the bread (Cauvain & 
Young, 2003). 
Ascorbic acid 
Ascorbic acid is converted to dehydroascorbic acid in bread-making process due to the 
availability of oxygen. Dehydroascorbic acid acts as an oxidizing agent and helps in the 
development of gluten (Williams & Pullen, 1998). The increased level of ascorbic acid 
increases the bread volume. Typically levels of addition are 100-200 ppm flour weight 
(Cauvain & Young，2006). 
Water 
The amount of water used in a given product recipe needs to be optimised in order to achieve 
the required handling properties of the intermediate and final product. The ‘optimum’ level of 
water is the maximum quantity that can be added into the dough and still be able to mould the 
pieces and give bread of acceptable quality (Cauvain, 2003). Depending on the type of bread, 
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formula, flour and process, the amount of water used for bread making may vary from 50 to 
70 % (based on flour weight). 
1.2.3.2 Bread-making process 
There are many bread-making processes giving various kinds of bread. The common stages 
in bread-making processing include mixing, dividing, proving and baking. 
Mixing 
Mixing distributes ingredients into a homogenous mixture. The step is necessary for proper 
development of gluten structure. Significant changes take place in this stage including 
solubilisation, hydration and dispersion of the various ingredients. Water plays an 
indispensible role in this stage. Mixing is the most crucial operation in bread making as it 
creates the initial bubble structure and develops the viscoelastic dough structure necessary for 
proving (Dobraszczyk, 2001). 
Mechanical mixing is carried out in a confined container with the aid of mixing blades. They 
pass energy to the blend of ingredients and help in the incorporation of gas. In general terms, 
if there is a greater transfer of energy to the dough during mixing, greater the improvement in 
dough gas retention and therefore larger the bread volume will result. Development of dough 
is done at this stage. If dough is over-mixed, breakdown of gluten may be resulted. 
Proving 
In the manufacture of bread, the moulded dough pieces are transferred to a warm and moist 
environment, such as a fermentation cabinet, before baking. Initially the gas bubbles being 
incorporated into the dough comprise a mixture of mainly nitrogen and oxygen, but the 
activity of the baker's yeast present in the dough quickly reduces the oxygen concentration in 
the gas bubbles leaving the nitrogen behind (Chamberlin & Collins, 1979). 
1 0 
The nitrogen gas bubbles that remain trapped in the gluten act as nucleating sites and the 
carbon dioxide gas that is produced during fermentation gradually diffuses into them. This 
process is known as proof. The bubbles created in mixing expand and the development of 
gluten matrix holds the expanding gas. The gluten structure is stretched during expansion. As 
a result of fermentation, the average size of the gas bubbles increases dramatically, typically 
from around 100 |am before baking to 2 mm in the baked product (Cauvain & Young, 2006). 
After some time the expansion of individual gas bubbles brings them into close proximity 
with others and coalescence of bubbles may occur. This coalescence is encouraged by foam 
drainage in the lamellae between the gas cells (Wilde, 2003). Figure 1.3 shows a model of 
dough expansion. 
、： I � G a s bubble 
Early stages of fermentation Advanced stages of End of baking 
fermentation to early stages 
of baking 
Figure 1.3 A model of dough expansion (Dobraszczyk, 2001) 
The volume of bread depends on the rate of gas production, the extent of gas retention, the 
change in the bubble size distribution and the rate of bubble coalescence during proofing 
(Dobraszczyk, 2001). Stability of bubbles formed has significant effect on the volume and 
texture of the finished products. Surfactants or emulsifiers can be added to bread dough in 
order to improve volume and crumb structure. 
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Baking 
During baking, heat is transferred within the load by conduction in combination with 
evaporation or condensation which is unique to porous foods (Dobraszczyk, 2001). The 
elevated temperature during baking results in evolution of gases and the expansion of the 
piece. Enzymatic and yeast activity are inactivated and the structure is set. Reduction of 
moisture takes place, mainly on the crust. The loss of moisture allows the crust to reach a 
higher temperature. Maillard reaction takes place to give the crust its darker color. After 
baking, the shape of the bread is set. Yet, further changes may take place causing problems. 
Careful control and evaluation of bread-making processing should therefore be done. 
1.2.4 Crackers and cookies 
Biscuits are flat, crisp, baked goods while crackers refer to biscuits with low sugar and fat 
(Townsend, 2001). Crackers are usually manufactured with hard wheat flour with protein 
content lower than bread flour. Bakers may also blend hard and soft wheat flour to get flour 
with desirable protein content. Compared to crackers, cookies are usually thicker and softer. 
Soft wheat flour is commonly used for cookies. 
Crackers are consumed as bread substitutes in western countries. There is no standardized 
formula for crackers. Crackers dough is a complex system with low amount of water, and a 
matrix in which gas bubbles of various size and shape are embedded within a starch, protein 
and lipid paste (Brennan & Samyue, 2004). 
The ingredients of crackers and cookies vary among different kind of products. Generally, 
sugar, yeast, salt, fats and oils are incorporated for crackers. Yeast is not usually included in 
cookies. Besides functional roles, sensory roles of ingredients should also be considered. 
More details on functional roles of sweeteners and fats are discussed below. 
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Sweeteners 
Sucrose is usually added to cookies. It gives sweetness and flavour to cookies. 
Caramelization of sucrose also contributes to the crust colour of cookies. Sucrose can hold 
water in the products. When added in high level, it can also acts as a hardening agent giving 
firmness and crispness of cookies (Lorez, 1994). Coarse granulated sugar dissolves less easily, 
it melts and helps spreading of cookies during baking. Fine granulated sugar is more 
dispersed and produces smoother cookies 
Syrup acts as humectants in cookies. Use of high fructose com syrup is becoming popular for 
the purpose. It provides excellent humectants qualities as well as sweetening capabilities to 
cookies (Lorenz, 1994). 
Fats 
Fats coat flour during mixing. This reduces the formation of a cohesive and extensible 
network by gluten, reducing hardness of the products. Shortenings are often used by cookies 
bakers. Hydrogenated shortenings are usually made from blend of two or more hydrogenated 
fats. Shortenings are used to improve the creamy consistency and storage stability of cookies 
(Lorenz, 1994). Other sources of fats, such as butter are used in some formula. However, as 
the creaming ability of butter is rather low, smaller cookies are produced. 
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1.2.5 Effect of addition of dietary fiber in bakery products 
High-fiber functional foods, including bakery goods are gaining popularity in recent years. 
The most common source of dietary fiber in baking is cereal bran, especially wheat bran 
(Seibel, 1975). Fortification of bread and similar products with fiber sources other than wheat 
is common. The fibers may come from many sources including barley, oats, rice, coconut, 
soya, apple, sugar beet and pea (Trinidad et al.，2006; Katina, 2003). 
The incorporation of dietary fiber into food systems may affect the functional properties of 
other components within the system (Brennan & Samyue，2004). Texture, quality of color 
and mouthfeel of the finished products will be affected. The effect depends on kinds of fiber 
used, levels of fiber added, the fineness of fiber powder as well as formula and processes. As 
the structure formation is more important in bread than other bakery products, its influence 
by addition of fiber are widely studied. 
Effect of water absorption of dough upon addition of fiber can be studied using farinograph. 
Inulin-supplemented bread dough shows lower water absorption than control (Peressini & 
Sensidoni, 2009). Higher water absorption was found when 3% of pea fiber or carob fiber 
was added to bread dough (Wang et al, 2002). Addition of hazelnut fiber of 10% also 
increased water absorption (Anil, 2007). Increase level of water absorption was found in 
wheat flour dough with increase level of wheat bran, rice bran, oat bran and barley bran 
(Sudha, et al, 2007). The ratio of insoluble dietary fiber (IDF) and soluble dietary fiber (SDF) 
affects of water absorption of dough (Haseborg & Himmelstein，1988). According to studies 
of wheat flour, water insoluble polysaccharides tend to absorb more water and swell more 
strongly when compared to water soluble polysaccharides (Kim & D，Appolonia, 1977; Jelaca 
& Hlynka，1977; Sasaki et al, 2004). 
When fiber is added to bread and crackers dough, the uptake of water or hydration of the 
fiber is slower than that of the flour particles. This results in changes of dough viscosity 
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during processing. According to Brennan and Samyue (2004), the inclusion of resistant starch 
at 5% or higher to cracker dough reduced the visco-properties of the flour paste. Similar 
result was found in inclusion of inulin (Wang et al., 2002). Reduction in gelatinized starch 
may explain the inhibition of pasting. In the moulding stage，increased dough viscosity can 
contribute damage of the relatively delicate bubble structure in the dough and subsequent loss 
of bread quality (Cauvain & Young, 2000). 
Technological changes due to addition of fiber includes increases in dough yield; a moister 
and shorter dough; decreased fermentation tolerance and a tense and non-elastic crumb 
(Seibel, 1983). High-fiber doughs have limited tolerance to over-mixing (Stauffer, 1993). 
Adjustment on mixing time should therefore be done upon addition of fiber to the mixtures of 
ingredients. 
Addition of fiber may have adverse effect on the volume, color and texture of bakery 
products and in turn affect the acceptance of consumers. Fiber-rich breads with different fiber 
sources had smaller loaf volumes than breads with no fiber enrichment (Wang et al., 2002; 
Anil, 2007; Hu et al, 2009). Reduction in volume is also found in fiber-enriched crackers 
(Brennan & Samyue, 2004). This is possibly due to the dilution of gluten which is 
responsible for structure formation in bread. Fiber particles may also interact with gluten 
(Pomeranz et al., 1977). The reduction of gas retention lowers the volume of bread. However, 
addition of maize and oat fiber to gluten-free bread significantly increased loaf volume 
(Sabanis et al., 2009). The poor baking performance which may arise from fiber enrichment 
can be compensated for by adding dry gluten into the flour (Seibel & Brummer，1991). High-
fiber dough also has a higher oxidation requirement. The baking performance of high-fiber 
bread can be improved by addition of enzyme. The effect of addition of hemicellulase, 
pentosanase, amylase, lipase, glucooxidase, cellulose and xylanase on the baking 
performance of bread has been studied extensively (Uysal et al., 2007). Addition of enzyme 
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can reduce the firmness of crumb and increase the volume of fiber containing bread 
(Haseborg & Himmelstein, 1988). 
The effects of addition of different fibers to bakery products on their physical attributes are 
summarized in Table 1.1. 
Crumb and crust color of bread may affect consumer's preferences. Browning of crust is due 
to Maillard and caramelization reactions. Therefore bread color depends on physiochemical 
characteristic including water content, pH, reducing sugars and amino acids content in dough 
(Sabanis et al, 2009). Fiber-enriched breads have lighter crust due to the lower content of 
flour (Anil, 2007). Wheat flour is usually bleached to give pure white flour. The effect of 
crumb color depends much on the color of fiber added. For example, wheat bran added bread 
has a higher degree of brownness. Fiber, such as sclerotia of PTR, with high degree of 
















































































































































































































































































































































































































































































































1.3 Extrusion cooking 
1.3.1 Introduction of extrusion cooking 
‘Cooking extrusion can be described as a process whereby moistened, starchy, and/or 
proteinaceous foods are cooked and worked into viscous, plastic-like dough. Extrusion has 
found great application in food processing' (Harper, 1981). Extrusion is a process with a 
combination of heat and mechanical energy through shearing. It usually involves high 
temperature processing in a short period of time. 
Extrusion produces food products with unique structure. The structure is created by a melt 
fluid from biopolymers and bubbles of water vapour in the fluid which forms foam (Guy, 
2001). The bubbles expand when the superheated water is released at atmospheric pressure. 
The melt fluid of biopolymers forms the wall of gas bubbles. The cellular structure is 
rigidified when moisture losses rapidly causing an increase in viscosity. 
Extrusion is widely used in food process as it is low in cost and high in versatility. Low 
moisture is used during processing which reduces the quantity of heat required for cooking 
and drying the products (Harper, 1981). Products such as ready-to-eat cereals, snacks, 
macaroni and pet foods can be manufactured by extrusion. 
Extrusion has a growing popularity in food production, particularly for snack food. Extrusion 
parameters, such as screw speed, temperature and moisture feed affect the physical properties, 
such as expansion ratio, water solubility index (WSI) and water absorption index (WAI), and 
chemical properties, such as total dietary fiber content of extruded products. Desirable 
product quality properties of extrudates vary from products to products. The general 
properties include water absorption rate, bulk density and expansion ratio. For examples, 
desirable properties for ready-to-eat breakfast cereals include a high expansion ratio, low 
bulk density and a firm structure with slow water absorption (Baik et al.，2004). According to 
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a study of extruded crab-based snack (Obatolu et al, 2005), the expansion ratio decreased 
when higher moisture feed was used. 
Extrusion may result in gelatinization of starch, denaturation of protein, inactivation of raw 
food enzymes and diminishing microbial count (Harper, 1981). During extrusion, materials 
are subjected to intense mechanical shear. This may results in breakage of covalent bonds and 
structural disruption (Harper. 1989). As extrusion is distinctive from other thermal processing, 
ongoing studies are carried on to investigate the possible change of nutrition components, 
such as vitamins, dietary fibers and antioxidants in extrusion (Singh et al., 2007). 
1.3.2 Food extruders 
A food extruder is a high-temperature short-time bioreactor that transforms a variety of raw 
ingredients into modified intermediate and finished products (Harper, 1989). Fig 1.4 shows 
different parts of an extruder. 
Extrusion Drive 
It includes support or stand, drive motor, speed variation, transmission and thrust bearing. 
Feed Assembly 
It includes hoppers or bins, feeder, slurry tanks, liquid feeders, batch feed system, continuous 
feed systems, preconditioner, rotary or star valve and feed transition. 
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Figure 1.4 Illustration of a Food Extruder 
Screw 
It accepts the feeding ingredients at the feed port, conveys, works and forces feeding through 
the die restriction at the discharge. It can be divided into 3 sections, feed section, compression 
section and metering section. 
Feed section assures sufficient material is moved and conveyed down the screw and the 
screw is completely filled. It contributes 10-25% of total length of the screw. In the 
compression section which is also called transition section, flight depth and pitch gradually 
decrease to give compression in this part. It contributes 50% total length of the screw. In the 




The die plate at the discharge end of the extruder restricts product flow. 
There are two main kinds of food extruders. They are single screw extruder and twin screw 
extruder. A single screw extruder requires a preconditioner. A preconditioner provides up to 
half of the heat with steam. It is where heating and hydration are started. It ensures particles 
of materials have even moisture. As single screw extruder requires higher operation moisture, 
drying is required. Single screw extruders are usually used in manufacturing snacks, dry pet 
food and non-expanded ready-to-eat cereals. 
Twin screw extruders can be counter-rotating or co-rotating. Slow screw speed is required for 
the former as separating force is large and wear may be resulted. In a counter-rotating twin 
screw extruder, product mixing occurs mainly within individual chambers. The residence 
time distribution is relatively narrow (Harper, 1989). Co-rotating twin screw extruders are 
more widely used in food industry. They provide better mixing than single screw extruders 
and preconditioners are not required. Energy is primarily derived from mechanical energy 
inputs. Their conveying capability allows them to handle sticky and difficult-to-convey food 
ingredients (Harper, 1989). Twin screw extruders are used for manufacture of expanded 
ready-to-eat cereals, semi-moist pet foods and confectionery products. 
1.3.3 Application of extrusion 
Versatility is one of the advantages of cooking extrusion. Extrusion has been used in 
producing ready-to-eat cereals, snacks, pet foods and confectionery products. 
Ready-to-eat cereals 
Expanded ready-to-eat cereals are manufactured from mixtures of cereal flour and starch 
combined with small amount of malt, fat, sugars and emulsifiers. Twin extruders are usually 
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used for the purpose. Cooking is done with a combination of steaming and extrusion cooking 
using a relatively higher moisture (>20%). 
Non-expanded ready-to-eat cereals are manufactured from cereal or starch ingredients. Single 
screw extruders are usually used. The extruded products are in pellet form which is then 
flaked or sheeted and cut to give the finished products. 
Snack 
Extrusion can be used to produce highly expanded puffed snack with melt-in-mouth texture. 
Single screw extruders are used. Low moisture (<15%), high temperature, and high shear 
should be used in order to cause significant starch damage (Harper, 1989) 
Pet foods 
Both dry and semi-moist pet foods are manufactured by extrusion cooking. Dry pet foods are 
cooked and formed using single screw extruders. Extrusion is done at high moisture and 
drying is required after cooking. 
Twin screw extruders are used for manufacturing of semi-moist pet foods since they provide 
better mixing. In order to create a soft and chewy texture, materials are extruded at high 
moisture. 
Confectionery products 
Confectionery products are manufactured from fat, milk solid, colour and flavour. Twin 
screw extruders are usually used due to their higher ability in mixing and conveying materials. 
Renewing material at the heating surfaces can control the temperature of heat sensitive 
materials. 
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1.3.4 Extrusion of starchy materials 
Starch polymers are good at forming well-expanded cellular structures. Starch based extruded 
foods includes a great variety of cereals. They behave differently in extrusion and may 
require different condition to achieve expansion. Com, oat, wheat, cassava and potato are 
some of the commonly extruded cereals. Table 1.2 shows the extrusion conditions use of the 
cereals. 
Table 1.2 The extrusion conditions of some commonly extruded cereals 
Cereals Characteristics Extrusion temperature Extrusion moisture 
Com Low cost High/low 
High expanding ability 
Oat Low carbohydrates High High 
High fat 
Wheat Contains gluten High High 
Cassava High Moderate 
Potato High High 
-(Guy, 2001) 
Native starch is completely water insoluble at room temperature whereas extruded starches 
are partly water soluble. Extruded starches give highly turbid, water-soluble fractions. 
Besides, unlike native starches which do not absorb water at room temperature and have a 
negligible viscosity, extruded starch absorbs water rapidly to give a paste at room 
temperature. 
Extruded products of modified starch have properties different from unmodified starch. 
Unmodified starch tends to expand easily and give an open structure and crisp texture to the 
products. As the starch molecules in modified starch have been shorten, modified starch 
expands less in extrusion. Chemically modified or high amylose starch usually gives denser 
extruded products when high amylopectin starch gives highly expanded extruded products 
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(Harper. 1989). Modified starch can be used to increase strength, reduce breakage and reduce 
rate of moisture uptake of extruded products. 
1.3.5 Effect of extrusion on dietary fiber content 
High temperature and shearing forces provided in extrusion not only produces food products 
with unique features, but may also change nutritional composition, such as dietary fiber, in 
food. The definition of dietary fiber includes a wide range of substances and the composition 
of dietary fiber varies from sources to sources. Therefore, the changes of dietary fiber in 
extrusion depend on the sources of dietary fiber. 
Extrusion may solubilise macromolecules (Singh et al, 2007). High shearing forces provided 
by high screw speed and a high temperature, low moisture in extrusion cause chemical bond 
cleavage of macromolecules (dietary fiber) into smaller and soluble particles. As a result, 
ratio of soluble fiber to insoluble fiber will increase. According to Singh et al. (2007), an 
increase of soluble to insoluble non-starch polysaccharides ratio was found in extrusion of 
oatmeal and potato peels but not in com meal. For sugar beet pulp fiber, extrusion reduced 
the molecular weight of pectin and hemicelluloses, therefore increased its water solubility 
(Ralet et al., 1991). Similar result was found in extrusion of cereal brans (Gualberto et al., 
1997). According to a study of two varieties, Centenario and Oscar Blanco, of Andean native 
grain (Repo-Carrasco-Valencia et al., 2009), soluble dietary fiber content of Centenario 
increased during extrusion process while that of Oscar Blanco decreased. Extrusion increased 
the total dietary fiber content of barley flours (Vasanthan et al, 2002). The change in dietary 
fiber profile may possibly be due to the shift from insoluble dietary fiber to soluble dietary 
fiber and the formation of resistant starch (RS3) and enzyme-resistant indigestible glucans 







































































































































































































































































































Table 1.3 summarizes the effect of extrusion on dietary fiber content of food products.The 
effect on dietary fiber content of extrusion cooking depends on the extrusion conditions as 
well. Barrel temperature, screw speed, screw configuration, moisture and residence time 
affect the degree of chemical bond breakages experienced by the feeding material. In a study 
of extrusion of orange pulp using a single screw extruder (Larrea et al., 2005), insoluble 
dietary fiber content decreased in all the conditions used. Greater decrease was found when 
higher temperature (>150°C) was used. The effect of screw speed and moisture vary with 
other parameters, such as temperature, used. For extrusion of barley flours, resistant starch 
(RS3) formation was observed to be higher at higher moisture level (50%). And the content 
of RS3 increased at lower extrusion temperature (120°C) and decreased at higher extrusion 
temperature (150°C). 
1.3.6 Effect of extrusion on other nutritional properties 
Chemical changes of ingredients due to extrusion depend greatly on the extrusion condtions 
as well as the raw material being used. Minerals, vitamins and antioxidants content may be 
affected by the processing. 
Mineral 
Bioavailability of minerals is influenced by phytate. Extrusion causes inactivation of phytase 
which can break down phytate partially in small intestine. Besides, 13-35% reduction in 
phytate content in extrusion-cooked bran-enriched products was found (Andersson et al, 
1981). A reduction of about 30 % for iron was shown in extruded chickpeas (Poltronieri et al., 
2000). Zinc bioavailability also decreased in extrusion, to a similar extent found in other heat 
processing (Kivisto et al., 1986). 
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Vitamins 
Cereal grain, being the most common material for extrusion, is the most important sources of 
B group vitamins in the Western diet. It was found that an increase in barrel temperature 
increases riboflavin retention possibly due to decrease in shear resulting from decreases in 
melt viscosity at higher temperatures. Yet, another study (Athar et al., 2006) showed that for 
low retention times in short barrel extruder, the retention of vitamins B was unaffected by 
temperature. 
High retention of vitamin E was shown regardless the total moisture for extrusion. Only 3% 
of vitamin E was lost with a feed processed for 30 min with dry steam reaching a temperature 
of approximately 90°C with a moisture content of 16% (Huber & Gadient，1999). For vitamin 
C，the retention is dependent on total moisture for extrusion, and better retention was found 
when there was a low water content. 
Lipid 
According to Delort-Laval and Mercier (1976), only 40-55% of the lipids present in the raw 
material could be extracted with diethyl ether after extrusion. Yet, when acid hydrolysis 
preceded the fat extraction by hexane, recoveries close to those in raw materials were 
reported (Asp & Bjorck，1984). Therefore, amylose-lipid complex formation is one probable 
reason for the low extractability of fat in extruded materials. Considering full fat soy flour, its 
stability decreased with increasing extrusion temperature and residence time. This was 
attributed to increased auto-oxidation as well as breakdown of natural antioxidant (Mustakas 
et al., 1970). 
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1.4 Objectives 
As high-fiber functional foods are gaining popularity in recent years, the discovery of novel 
source of dietary fiber is useful to food industry. Mushroom sclerotia of Pleurotus tuber-
regium contains high percentage of fiber and therefore is a potential source of fiber used in 
food industry. Having a high degree of whiteness, the mushroom may be incorporated in 
cereal products with little effects on colour of products. 
Fiber-enriched cereal products are having a growing importance in the market. Bakery 
products and extruded products are two main kinds of cereal food. They are widely consumed 
in the Western world. However, as interaction of ingredients contribute to the texture as well 
as the appearance of bakery and extruded products, the effect of addition of mushroom fiber 
on the quality of the food products need to be studied. Thermal processing of baking and 
extrusion may also alter the dietary fiber content of products. A change of the ratio of soluble 
and insoluble dietary fiber content in extruded products has also been reported (Singh et al., 
2007;RaletetaL, 1991). 
This project aims at studying (1) the effect of addition of mushroom dietary fiber (MP) 
derived from sclerotia of Pleurotus tuber-regium on the physical attributes, including volume 
and texture and the change of total fiber content of three bakery products (bread, crackers and 
cookies enriched with MP); (2) the effect of addition of mushroom dietary fiber on the 
physical attributes, including expansion ratio, water solubility index (WSI) and water 
absorption index (WAI) as well as the change in total dietary fiber, soluble dietary fiber and 
insoluble dietary fiber content under different conditions of extruded products enriched with 
MP will be studied; (3) the nutritional value of extrudates enriched with MP using a rat model. 
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2. Materials and Method 
2.1 Mushroom powder 
Sclerotia of Pleurotus tuber-regium (PTR) (Fig 2.1) was obtained from the Sanming 
Mycological Institue in the Fujian Province of China. They were cleaned using knife and then 
hammered into smaller pieces. The pieces were then milled and passed through screen with 
an aperture of 348 microns. The collected mushroom powder (MP) was packed in air-tight 
and stored in freezer. 
Figure 2.1 Sample of sclerotia of Pleurotus tuber-regium 
2.2 Flour 
2.2.1 Crude protein content 
The protein content of the flour used was determined by Micro-Kjeldahl Method (AACCI 
Method46-13). Approximately 0.1 g sample was weighed onto nitrogen-free paper. The 
sample was digested using 3 ml 18M concentrated sulphuric acid with Kjeltab as catalyst at 
420 °C for 3 hours. Distillation of the acid digestate was then done with the help of Kjeldahl 
distillation unit (Tecator, Sweden) Distilled water and excess 30% sodium hydroxide was 
added to the distillate to generate ammonia which is trapped with 10 ml 4% boric acid. The 
boric acid was titrated against standard 0.05N hydrochloric acid. Percentage of nitrogen was 
calculated using the titration results. 
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% N = HCl used (in dm^) x Molarity ofHCl x 14.007 x 100/ g sample (2.1) 
Percentage of protein was estimated using a correction factor of 5.7 (Owusu-Apensten, 2002b) 
for wheat 
% Protein: %N x 5.7 (2.2) 
2.2.2 Moisture content 
The moisture content of the flour used was determined by Air Oven Method (AACCI Method 
44-15 A). Approximately 2 g of flour was weighed and put onto a pre-dry moisture dish. The 
flour was allowed to dry in oven at 135°C for 1 hour and allowed to cool in a desiccator. The 
moisture content of the flour was calculated by weight difference: 
% of moisture = (difference of flour weight/initial weight of flour) x 100 (2.3) 
2.2.3 Farinograph 
Farinograph (AACCI Method 54-21) was used to estimate the water absorption ability of the 
flour. Fifty grams of flour at 14% moisture basis were added into the bowl of the farinograph 
(C.W. Brabender Instruments Inc., South HackenSack, New Jersey, USA) (Fig. 2.2). 
Estimated amount of water (around 30 ml) was added to the bowl after 1 minute of mixing. 
The dough was mixed in the mixing bowl before the peak of the farinogram was recorded. 
The steps were repeated until the peak centred at 500 Bartender Unit (BU). Amount of water 
added was adjusted according to the peak value of the farinogram. When the peak centred at 




Figure 2.2 A typical Barbender farinograph 
2.3 Bakery Products 
2.3.1 Bread 
Hard spring flour from Mennel Milling Company (Fostoria, Ohio, USA, 2005) was used for 
bread baking. One hundred grams of flour at 14% moisture basis were used for each batch of 
bread. Four levels of MP (0，5, 7.5, and 10%) were used to substitute flour in the formula by 
weight. Flour and MP were mixed manually for individual batch of bread. Twenty millilitres 
of yeast solution containing 1.767 g instant yeast (Saf Yeast Co Ltd, USA), 11 ml salt-sugar 
solution containing 1.5 g salt and 6 g sugar, 5 ml ascorbic solution containing 5 mg ascorbic 
acid, 3 g shortening (Crisco All-Vegetable Shortening, J.M. Smucker Company, Ohio, USA) 
were mixed with the various flour-MP mixtures. Percentage of water was adjusted to the 
amount of water determined by farinograph to produce 500BU x 2. An addition of 2 ml of 
water was added for the easy handling of the dough. 
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The Optimized Straight-Dough Bread-Making Method (AACCI Method 10-1 OB) was used to 
evaluate the effects of different levels of MP on the baking quality of bread. The flour-
ingredient mixture was mixed in a dough mixer (National M.F.G. Co., Nebraska, USA) for 5 
minutes. The mixed dough was then allowed to ferment in fermentation cabinet at 30°C and 
90% relative humidity. Punching, moulding and panning were done following a 90-minute 
schedule. Figure 2.3 shows the steps in a 90-minute schedule. The dimensions of the baking 
pans were 14.3 x 7.9 cm for top inside; 12.9 x 6.4 from bottom outside and about 5.7 for 
inside depth. 
The dough was baked in a rotary oven (National M.F.G. Co., Nebraska, USA) at 215°C for 
24 minutes. The bread was allowed to cool in a humidity-and-temperature-controlled (30°C 
and 90% R.H.) room before physical measurements. A total of 4-6 loaves of bread were 
baked for later analysis. 
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Figure 2.3 A 90-minute schedules for bread-making 
2.3.2 Crackers 
Soft-Pro cracker flour (Michigan, USA) was used for cracker baking. A hundred grams of 
flour at 14% moisture basis was used for each batch of crackers. Four levels of MP (0，5, 7.5, 
and 10) were used to substitute flour in the formula by weight. A mixture of 0.635 g instant 
yeast (Saf Yeast Co Ltd, USA), 1.6 g salts, 0.45 g sodium bicarbonate and 11 g shortening 
(Crisco All-Vegetable Shortening, J.M. Smucker Company, Ohio, USA) was added to the 
flour-MP mixture in a mixer bowl. Different volume of water (32, 34’ 35 and 36 ml) water 
was then added to the mixture with 0，5, 7.5 and 10% MP, respectively. 
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A one-stage fermentation method (Lee et al., 2002) was used to evaluate the effects of 
different levels of mushroom powder (MP) on the baking quality of crackers. The flour-
ingredient mixture was mixed in dough mixer (National M.F.G. Co., Nebraska, USA) for 8 
minutes. A one-minute minute-scrapping was done at the second minute and sixth minute. 
The dough was packed into a beaker and allowed to ferment in a fermentation cabinet for 24 
hours at 30°C and 90% relative humidity. The dough was then sheeted between rolls with a 
sequential reduction of the gap between the rolls from 15.91, 12.30, 9.5, 5.65, 2.88, 1.27 to 
1.04 mm sequentially using gauages (Fig 2.4). Gap between the rolls were set using gauges. 
The sheeted dough was put onto a cracker paddle and rolled with a rolling pan. The cracker 
was on a cracker sheet on the baking rack and baked for 6 minutes and 15 seconds at 265°C. 
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Figure 2.4 Sheeting procedures for crackers dough 
The crackers were allowed to cool in a humidity-and-temperature-controlled (30°C and 90% 
R.H.) room and broke into individual pieces before physical measurements. Four or five 
batches of crackers were baked for later analysis. 
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2.3.3 Cookies 
Challenge pastry flour from Mennel Milling Company (Fostoria, Ohio, USA, 2005) was used 
for cookies baking. Forty grams of flour at 14% moisture basis was used for each batch of 
cookies. Four levels of MP (0, 5, 7.5, and 10%) were used to substitute flour in the formula 
by weight. Creamed mass was prepared by mixing 12.8 g sucrose (Pure fine granulated, Big 
Chief Sugar, Michigan, USA), 4 g brown sugar (Domino premium pure cane granulated. 
Domino Foods Inc., USA), 0.4 g non-fat milk powder (Nestle carnation instant non fat dry 
milk, Nestle, USA) 0.5 g salts, 0.4 g sodium bicarbonate and 16 g shortening (Crisco All-
Vegetable Shortening, J.M. Smucker Company, Ohio, USA). About 8.8 to 11.3 ml of water 
was added during dough mixing with the exact amount of water added to each batch being 
estimated from the farinogram of MP- containing flour. 
The Micro Wire-Cut Cookie Method (AACCI Method 10-54) was used to evaluate the 
effects of different levels of MP on the baking quality of cookies. The creamed mass was 
made by mixing 0.6 g high fructose com syrup, water and 0.2 g ammonium bicarbonate in 
mixing bowl for 1 minute with scrapping every 15 seconds. Flour-MP mixture was then 
added to a mixing bowl and mixed for 30 seconds with scrapping every 10 seconds. The 
dough was divided into 2 and rolled with rolling pin resting on gauge strips. The dough was 
cut into shape and baked at 204°C for 11 minutes. 
The cookies were allowed to cool in a humidity-and-temperature-controlled room before 
packing in zipper bags. Physical measurements were done after 24 hours. At least 6 batches 
of cookies were baked for later analysis. 
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2.4 Extrudates 
Challenge pastry flour from Mennel Milling Company (Fostoria, Ohio, USA, 2005) was 
extruded. Ten percent by weight of MP was mixed with flour before feeding. A twin screw 
extruder (APV MPF 19-25 Extruder, Staffs, UK) shown in Fig. 2.5 was used for extrusion. A 
low shearing screw configuration was used and a die of 2 mm in diameter was attached. A 
feed rate of 2 kg/h was used and an external water pump was used for water injection. The 
pump was calibrated before the start of extrusion. 
^ Control 
Feeder 
Figure 2.5 Illustration of a APV MPF 19-25 Extruder 
Eight exlrusioii cuiidilions (Table 2.1) were used with variaiiuii in barrel ieiiipemlure 
(40/60/100/135/150°C and 40/60/100/110/130�C), total moisture (20% and 25%) and screw 
speed (250 and 350 rpm). Extrudates were collected when internal pressure was stable. The 
extrudates were cut into sticks and dried in an oven at 40°C overnight for physical 
measurements. 
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Table 2.1 Extrusion conditions used in preparation of extruded products 
Conditions Moisture (%) Screw speed (rpm) Barrel Temperature (�C) 
150/20/250 ^ ^ 40/60/100/135/150 
150/20/350 20 350 40/60/100/135/150 
150/25/250 25 250 40/60/100/135/150 
150/25/350 25 350 40/60/100/135/150 
130/20/250 20 250 40/60/100/110/130 
130/20/350 20 350 40/60/100/110/130 
130/25/250 25 250 40/60/100/110/130 
130/25/350 25 350 40/60/100/110/130 
2.5 Physical measurements 
2.5.1 Bread 
2.5.1.1 Weight, volume and density 
The bread was weighed one hour after taking out from the oven. The volume of bread was 
measured by rapeseed displacement method using a volumeter (National, M.F.G. Co., 
Nebraska, USA) (Fig 2.6). The volume of each loaf of bread was measured two times and the 
average was taken. The density of the bread was calculated by dividing weight by volume. 
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Figure 2.6 Illustration of a volumeter 
2.5.1.2 Hardness 
The bread was stored in plastic bag for 24 hours before texture analysis. The bread was then 
sliced to 1/2 inches thick. The hardness of bread was determined using AIB international 
method with some modification 
The texture of bread was analysed by a texture analyser (TX-HDi, Texture Technologies 
Corp., Scarsdale, NY, U.S.A.) (Fig 2.7) equipped with StableMicro Systems being used for 
hardness determination. The maximum peak force (N) required to compress 25% (6.25 mm) 
of 2 slices was determined with a TA4 probe (1.5 inch die) at 1 mm/s (pre-test speed). The 
test was repeated 4-6 times of different location of the crumb and the mean force was taken. 
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Figure 2.7 Illustration of a texture analyser (TX-HDi^ 
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2.5.2 Crackers 
2.5.2.1 Weight, dimensions and thickness 
The crackers were weighed after breaking into individual crackers. Width, length and 
thickness of crackers were measured by a digital vernier caliper. Two crackers in each batch 
were weighed and the average was taken. 
2.5.2.2 Volume 
Volume of crackers was measured by the rapeseed displacement method. A container with 
known volume was used for measurements. Rapeseed was used to fill the container 
containing a piece of cracker. The volume of rapeseed used was measured with a measuring 
cylinder and subtracted from the total volume of the container. Two crackers in each batch 
were weighed and the average was taken. 
2.5.2.3 Hardness 
The texture of crackers was analysed by a texture analyser (TX-HDi, Texture Technologies 
Corp., Scarsdale, NY, U.S.A.) equipped with StableMicro Systems being used for hardness 
determination. The maximum peak force (N) was obtained by using a 3-point bend with 25 
mm gap, TA 92 round blade (Fig 2.8). Four crackers for each batch were used for texture 
analysis and the mean peak force was taken. 
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Figure 2.8 Photo of texture analysis for cracker 
2.5.2.4 Moisture 
Crackers from the same batch are crushed into powder using pestle and mortar. 
Approximately 2 g of sample was allowed to dry in an oven at 135 °C for 1 hour and allowed 
to cool in a desiccator. The moisture content of the crackers was calculated by weight 
difference: 
% of moisture = 100 x (initial weight - final weight)/initial weight (2.4) 
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2.5.3 Cookies 
2.5.3.1 Weight, thickness and diameter 
Both cookies in a single batch were weighed. Thickness was measured twice for two cookies 
by a vernier calliper (Fig 2.9). The diameter of two cookies was measured twice using ruler. 
The average thickness and diameter was taken. 
m _ 
Figure 2.9 Photo of measurement of thickness of cookies 
2.5.3.2 Hardness 
The texture of cookies was analysed by a texture analyser (TX-HDi, Texture Technologies 
Corp., Scarsdale, NY, U.S.A.) equipped with StableMicro Systems being used for hardness 
determination. The maximum peak force (N) was obtained by using a 3-point bend with 35 
mm gap, TA 92 round blade. Both cookies of each batch were used for texture analysis and 
the average peak force was taken. 
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2.5.4 Extrudates 
2.5.4.1 Expansion ratio 
Fifteen extrudates for each condition was randomly selected for measurement of diameter by 
a digital vernier calliper. In calculating the expansion ratio, the mean of the 15 measurements 
of extrudates diameters was divided by the die diameter 2 mm. 
2.5.4.2 Density 
The 15 randomly selected extrudates were weighed and their lengths were measured. 
Volumes of the extrudates were estimated by their diameter: 
Volume = 2nx (diameter/2)^x length (2.5) 
The estimated volumes were used for calculation of density: 
Density = Weight/volume (2,6) 
2.5.4.3 Hardness 
The extrudates were broken into short sticks. A texture analyser (TX-HDi, Texture 
Technologies Corp., Scarsdale，NY, U.S.A.) equipped with StableMicro Systems being used 
for hardness determination. Three measurements were done. The mean peak force (N) was 
obtained by using a Kramer shear cell (Texture Technologies Corp., Scarsdale, NY, U.S.A.). 
2.5.4.4 Water absorption index (WAI) 
WAI of extrudates were measured according to the procedure of Anderson (1982) with 
modification. Twenty millilitres of distilled water was mixed with 2 g of ground extrudates in 
a round-bottomed centrifuge tubes. The tubes were inverted at 0，5 and 10 minutes. The 
suspensions were then centrifuged at 2200 g for 20 minutes. 
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The supernatant was collected leaving a pellet in the tubes. WAI was calculated as: 
WAI = weight of pellet/ sample weight (2.7) 
2.5.4.5 Water solubility index (WSI) 
The collected supernatant was dried overnight in an air oven at 60 °C and the residue was 
weighed. WSI was calculated as: 
WSI = weight of dried supernatant/ sample weight (2.8) 
2.6 Dietary fiber content 
2.6.1 Preparation of samples 
Bread, crackers and cookies were freeze-dried. Bread was ground using a coffee blender. 
Crackers and cookies were ground using pestle and mortar. Extrudates were directly ground 
using a coffee blender without freeze drying. All the samples were stored in desiccators 
before dietary fiber analysis. 
Among all the samples, only cookies were defatted with hexane prior to dietary fiber analysis. 
Fifty millilitres of hexane was added to 8 g of cookies powder in a centrifuge tube and the 
mixture was well-shaken. The solvent was then removed by pipetting. The defatting 
procedures were repeated two times and the cookies powder was air-dried. 
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2.6.2 Total dietary fiber (TDF), Insoluble dietary fiber (IDF) and Soluble dietary fiber 
(SDF) 
The total dietary fiber contents of bread, crackers, cookies and extrudates were estimated by 
the AO AC Official Method 991.43 using commercial enzyme kit from Megazyme (E-
AMGDF, Megazyme International Ireland Ltd., Wicklow, Ireland). Triplicates were done for 
each of batch bread, crackers and cookies and for each extrudate produced by different 
extrusion conditions. 
Approximately 1 g sample was added to 40 ml MES-TRIS buffer solution (pH 8.2). A 
reagent blank included with sample added. Fifty microlitres of thermal stable a-amylase (EC 
3.2.1.1, Megazyme International Ireland Ltd) was added to the mixture and mixed well. The 
mixture was incubated in a 95°C water bath for 35 minutes before cooling to 60°C. One 
hundred microlitres of protease (EC 3.4.21.14, Megazyme International Ireland Ltd) was then 
added and the mixture was incubated in a 60°C shaking water bath for 30 minutes. Five 
millilitres of 0.561 N HCl was added with stirring and the pH of the mixture was adjusted to 
4.0-4.8. Two hundred microlitres of amyloglucosidase (EC 3.2.1.3, Megazyme International 
Ireland Ltd) was added and the mixture was then incubated in a 60 °C shaking water bath for 
30 minutes. This final mixture was known as the digestate. 
For TDF determination, 4 volumes (approximately 200 ml) of 95% ethanol were added to 
the digestate. It was allowed to precipitate at room temperature for 60 minute before being 
filtered through a pre-weighed crucible (Tecator, Sweden) into a filtration flask using a 
vacuum system (Tecator, Sweden). The residue left in the crucible was washed with 3 x 20 
ml of 78% ethanol, 2 x 10 ml portions of 95% ethanol and 2 x 10 ml of acetone successively. 
Crucibles containing the residue were dried in air-oven at 105°C. 
For IDF determination, the whole digestate was filtered through a pre-weighed crucible 
(Tecator, Sweden) into a filtration flask using a vacuum system (Tecator, Sweden) with 
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rinsing of 70�C distilled H2O. The residue was washed with 2 x 10 ml 70�C distilled H2O. 
The filtrate was collected for SDF determination. The residue left in the crucible was washed 
2 X 15 ml 78% ethanol, 2 x 15 ml 95% ethanol and 2 x 15 ml of acetone before residue dried 
in air-oven at 105°C to give the crude IDF. 
For SDF determination, 4 volumes (approximately 300 ml) of 95% ethanol was added to the 
above filtrate which was collected in IDF determination and allowed for precipitation at room 
temperature for 60 minutes before being filtered through a pre-weighed crucible (Tecator， 
Sweden) into filtration flask using a vacuum system (Tecator, Sweden). The residue left in 
the crucible was washed with 3 x 20 ml of 78% ethanol, 2 x 10 ml of 95% ethanol and 2 x 1 0 
ml portions of acetone successively. Crucibles containing the residue were dried in air-oven 
at 105°C to give the crude SDF. 
All the oven-dried crucibles were weighed and crude TDF, SDF and IDF content was 
calculated as follows: 
100 X [(*net wt of residue in sample - *net wt of residue in blank)] 
Crude fiber % = (2.9) 
Sample wt 
* Net wt = (weight of crucible + weight of sample residue) — (weight of crucible alone) 
2.6.3 Protein and ash correction 
For protein correction, the dried residue after weighing was removed from crucibles for 
protein determination using Kjeldahl method described previously in section 2.2.1. 
Percentage of nitrogen and percentage of protein was calculated as equation 2.1 and 2.2. 
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For ash correction, the dried crucibles were put in a furnace at 525°C for 5 hours. And the ash 
content in the residue (crude fiber) was calculated as follows: 
% Ash = weight of crucible containing ash - weight of crucible alone (2.10) 
And the TDF, SDF and IDF content was calculated: 
DF% = Crude fiber % - Ash % - Protein�/� (2.11) 
2.7 Nutritional evaluation of extrudates using rat model 
2.7.1 Determination of crude protein content in extrudates 
Extrudates with and without MP extruded at 150 °C with screw speed 350 rpm and moisture 
content 25% was used for nutritional evaluation of extrudates using rats as model. The 
protein contents of the extrudates were estimated using Kjeldahl method described previously 
in section 2.2.1. Percentage of nitrogen and percentage of protein was calculated as equation 
2.1 and 2.2. 
2.7.2 Diet preparation 
A control group and experimental diet groups prepared according to AIN-93G purified diet 
(Reeves et al, 1993) with modifications. A total of three diets were tested including a flour-
based diet and two extrudate-based diets. The extrudate-based diets contained extrudate 
without MP and with 10% MP. Extrudates substituted the flour in the test diets. One percent 
of cholesterol was added to all the diets in order to induce an alimentary 
hypercholesterolemia in rats. Protein and dietary fiber content of the extrudates were 
determined (Table 2.2) by procedures mentioned previously in section 2.7.1 and 2.6.2, 
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respectively and the amount of casein and cellulose in the experimental diets were adjusted 
accordingly. The substitution of flour with extrudate and the protein and TDF adjustment of 
experimental diet are shown in Table 2.3 and Table 2.4, respectively. 
Table 2.2 Protein and TDF content of extrudates used in experimental diets 
Non-Extruder Flour Without MP With 10% MP 
Protein % by weight ^ SJ ^ 
TDF % by weight 2.6 1.89 9.26 
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Table 2.3. Chemical composition of the experimental diets (g/kg of diet) 
“ ^ — Diets (g/kg) 
Ingredients Control Extrudate without Extrudate with 
MP 10% MP 
Sucrose 100 
Casein 140 140 130 
Dextrin 155 155 155 
Cellulose 50 50 10 
Soybean oil 40 40 40 
Mineral mix 35 35 35 
Vitamin mix 10 10 10 
L-Cystine 1.8 1.8 1.8 
Choline bitartrate 2.5 2.5 2.5 
Tert-butylhydroquinone 0.008 0.008 0.008 
Cholesterol 10 10 10 
Extrudate 0 456 506 
Non-Extruded Flour 456 0 0 
Table 2.4. Protein and TDF content of experimental diets 
Non-Extruder Flour Without MP With 10% MP 
Protein (g/kg) 175 
TDF (g/kg) 60 60 57 
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2.7.3 Feeding experiments 
Twenty-four young male Sprague-Dawley (SD) rats were housed individually in temperature-
and-humidity-controlled cages (22°C and 55 % RH) on a normal 12h light/dark cycle. The 
rats were fed with normal diet for three days for adaptation. They were then randomly 
divided into 3 groups and fed with the control diet, extrudate-based diet and MP-extrudate-
based diet for 12 days. During the experiment, the rats had free access to food and water. 
After 12 days, the rats were killed and the blood and selected organs, including caecum, liver 
and kidney, were collected. The blood was centrifuged to collect the serum which was kept 
frozen before biochemical analyses. The internal organs were cleaned and blotted dry before 
weighed. 
2.7.4 Nitrogen balance experiment 
A 5-day nitrogen balance experiment was carried out during day 4 to day 8. The faeces and 
urine of rats were collected and pooled daily for individual rats. The body weight of rats was 
monitored during the whole feeding period together with a record of food intake. 
The faeces and urine sample of rats were freeze dried. The nitrogen intake of animal (Nj), the 
nitrogen excreted in faeces of animal (NFi), the nitrogen excreted in urine of animals (NUi) 
was estimated by Kjeldahl method. 
The true digestibility (TD) and biological value (BV) were calculated as Seena et.al. (2006): 
TD = (Ni-NFi)/NixlOO (2.12) 
BV = [(Ni - NFi — NUi)/ (Ni - NF,)] x 100 (2.13) 
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Net protein utilization (NPU) was calculated as described by Piatt et al (1961): 
NPU= (TD X BVyiOO (2.14) 
2.7.5 Determination of serum lipids profile 
2.7.5.1 Serum total triglyceride (TG) 
Total triglyceride assay kit (Procedure NO. 2100, Stanbio, USA) was used for TG 
determination. Fifty millilitres of enzymatic triglyceride reagent (Ref No. 2101) containing 
glycerylphosphate oxidase, lipase and glycerol kinase were activated by 50 \x[ activator 
solution (Ref No. 2102). The mixture was allowed to stand at room temperature for 15 
minutes. 100 microlitres of defrosted serum or triglyceride standard (200mg/dl) (Ref No. 
2103) was added to 1 ml activated enzymatic triglyceride standard. The mixture was vortex 
and allowed to stand at room temperature for 10 minutes. Glycerol and fatty acids were first 
formed by lipase action on the triglycerides. Adenosine-5 ‘ -triphosphate (ATP) then 
phosphorylated glycerol to form glycerol-3-phosphate (G-3-P) and adenosine-5‘diphosphate 
(ADP). The reaction was catalyzed by glycerol kinase (GK) The absorbance at 500 nm of the 
mixture was then measured. The total triglyceride in serum was then calculated as follows: 
TG (mg/dL) = (Absorbance of serum/Absorbance of standard) x 200 (mg/dL) (2.15) 
2.7.5.2 Serum total cholesterol (TC) 
Total cholesterol assay kit (Procedure No. 1010，Stanbio, USA) was used for TC 
determination. Ten microlitres serum or cholesterol standard (200mg/l) (Ref No. 1012) was 
added to 1 ml enzymatic cholesterol reagent (Ref No. 1011) which contains cholesterol 
oxidase (COx), cholesterol esterase (CE) and peroxidise/phenol-4-atipyrine (POD) reagent. 
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CE 
Cholesterol Esters •Cholesterol + Fatty acids (2.16) 
COx 
Cholesterol + O2 • Cholest-4-en-3-en-one + H2O2 (2.17) 
POD 
H2O2 + 4-aininophenazone + phenol ^ H2O2 + 0-quinoeimie dye (2.18) 
The mixture was vortex-mixed and allowed to stand at room temperature for 10 minutes. The 
absorbance at 500 run of the mixture was then measured. The total cholesterol in serum was 
then calculated as follows: 
TC (mg/dl) = (Absorbance of serum/Absorbance of standard) x 200 (mg/dl) (2.19) 
2.7.5.3 Serum high-density lipoprotein cholesterol (HDL-C) 
High-density-lipoprotein cholesterol assay kit (Procedure No. 0590, Stanbio, USA) was used 
for HDL determination. It is a homogenous method for directly measuring serum HDL-C 
levels. It involves two reagents. The first reagent contains a-cylcodextrin and dextrin sulphate. 
The second reagent contains polyethyleneglycol (PEG). The first reagent stabilizes low-
density lipoprotein (LDL) and very low-density lipoprotein (VLDL) while the second reagent 
reacts with HDL in the serum. Four microlitres of serum was vortex-mixed with 300 
reagent I and incubated at a 37°C water bath for 5 minutes. Three hundred microlitres of 
reagent II were was added and incubated at 37°C for 5 minutes before absorbance at 600 nm 
and 700 nm were measured. The HDL-C in serum was calculated using a calibrator of HDL-
C. 
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2.8 Statistical analysis 
The physical attributes of beJcery and extruded products, the fiber content and the serum lipid 
content were expressed as mean 士 standard deviation. For the comparison of physical 
attributes and fiber content, the mean value of data was analyzed by one way analysis of 
variance (One-way ANOVA). Tukey's multiple means comparison test was used to detect 
significant difference (p<0.05) between groups. The correlation of amount of MP added to 
bakery products and the TDF content of baked products was determined by Pearson's 
correlation. For comparison of physical attributes of extrudates under different conditions, 
student's t-test was used to detect significant difference (p<0.05). All statistical analyses were 
done by the Statistical Package for Social Sciences (SPSS 13.0). 
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3. Results and Discussion 
3.1 MP-enriched flours 
3.1.1 Crude protein content of plain flour 
Table 3.1 Crude protein content of flour used in bakery and extruded products 
Protein content 
Bakery products Flour 
.(% dry weight) 
Bread Mennel Hard Spring (2005) 12.7% 
Crackers Soft Pro Cracker (2004) 8.9 % 
Cookies Mennel Challenge Pastry (2005) 7.9 % 
Wheat flour is the main ingredients in bread as well as other bakery products. The level and 
quality of the gluten-forming proteins of flour depend heavily on the wheat variety, 
agricultural practices and environment effects (Cauvain, 2003). Wheat is generally classified 
by kernel hardness. Hard wheat usually has higher protein content and is normally used for 
bread or other leavened products. Soft wheat has lower protein content and is normally used 
for cookies, crackers and cake products. 
The crude protein content of the 3 flours used was determined prior to preparation of bakery 
products (Table 3.1). According to the results, Mennel hard spring flour contained a high 
percentage of protein (13 %) (Table 3.1). As water absorption and loaf volume generally 
increase with protein content, Mennel hard spring flour could be used as flour for bread 
making. Cookie flour is generally low in protein content to enhance spreading of dough. 
Mennel challenge pastry flour contained 7.9 % of protein which was relatively lower. This 
flour can, therefore, be used in cookies making. The cracker flour usually has a medium 
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protein content which gives leavening character of cracker dough without the development of 
a rigid structure. The protein content of soft pro cracker flour seems to meet such requirement 
(Table 3.1). 
Kjeldahl method was used for the protein content determination. Kjeldahl method measures 
the total nitrogen in the sample and assumes a constant relationship of between the total 
nitrogen and protein content of the sample (Dobraszczyk, 2001). Although generally the 
protein content of flour gives a good prediction of the physical properties of baked products, 
such as loaf volume of bread, they depend on the quality of protein which may not be 
proportion to the protein content of flour. Other tests for flour properties, e.g. rheological 
tests, are necessary. 
3.1.2 Moisture content of plain flour 
Moisture of flour is usually below 14%. High moisture is undesirable since it may promote 
fungal growth. Moreover, bakers usually prefer flour with lower moisture as it saves space 
for storage and water does not cost much in processing. For the convenience of baker, the 
formulas of bakery products are usually written with standard moisture % of flour. 
Measurement of moisture content is used for adjusting the amount of water to be added in 
formula. As a result, determination of moisture content is necessary for bakers. The moisture 
content of the flour used in preparation of bakery products is shown in Table 3.2 and seemed 
to be acceptable. 
Table 3.2 Moisture content of flour used in bakery and extruded products 
Moisture content 
Bakery products Flour 
(% dry weight) 
Bread Mennel Hard Spring (2005) 13.2% 
Crackers Soft Pro Cracker (2004) 13.3 % 
Cookies Mennel Challenge Pastry (2005) 131 % 
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3.1.3 Farinograph of MP-enriched flours 
Water absorption of flour can predict the most suitable volume of water used for baking, 
especially for bread. When too much water is added to flour, dough will be too sticky for 
handling. When too little water is added, the dough will be stiff and may reduce the loaf 
volume of finished products. 
The water absorption, development time and stability of the three kinds of flour with different 
percentage of MP were estimated using the farinograph obtained (Table 3.3). According to 
the results, hard spring flour for bread making had higher water absorption than the salt flour 
used for cookies and cracker, which could be possibly due to the higher protein content in 
hard flour. Water is required to hydrate the protein for development of network. In milling of 
hard kernel wheat, larger extent of starch damage is resulted. Damaged starch loses 
crystalline structure and birefringence. It absorbs more water and increases the water 
absorption of the milled flour (Dobraszczyk, 2001). 
Hard flour also had a longer development time due to its higher protein content. Longer 
duration of mixing is needed for the well development of gluten network. The duration of 
mixing is important for bread dough as it determines the gas retention ability of the dough 
during fermentation and baking. Under-mixing dough gives firmer loaf with lower volume, 
whereas over-mixing is also undesirable. The viscosity of dough decreases when the dough is 
over-mixed. The developed network is damaged, decreasing irreversibly the gas retention 
ability and thus the loaf volume of products. 
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Table 3.3 Water absorption, development time and stability of flour 
Bakery Water Development Stability 
Flour MP%* 
Products absorption time (min) (min) 
Bread Mennel Hard Spring (2005) 0% 64.0% ^ U 
Bread Mennel Hard Spring (2005) 5.0% 66.5% 2.5 8.5 
Bread Mennel Hard Spring (2005) 7.5% 68.0% 2.3 7.5 
Bread Mennel Hard Spring (2005) 10% 69.8% 1.3 7.5 
Crackers Soft Pro Cracker (2004) 0% 53.1% 2.0 2.0 
Crackers Soft Pro Cracker (2004) 5.0% 57.0% 2.0 2.0 
Crackers Soft Pro Cracker (2004) 7.5% 58.4% 1.5 1.5 
Crackers Soft Pro Cracker (2004) 10% 60.0% 1.6 1.2 
Cookies Mennel Challenge Pastry (2005) 0% 52.2% 1.0 0.8 
Cookies Mennel Challenge Pastry (2005) 5.0% 55.0% 1.0 1.0 
Cookies Mennel Challenge Pastry (2005) 7.5% 56.8% 0.8 0.6 
Cookies Mennel Challenge Pastry (2005) 10% 58.6% 0.8 0.6 
*MP % represents percentage of MP added to substitute flour 
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A good bread flour has longer development time and higher stability during mixing. Mennel 
hard spring (2205) flour used for bread making had a development time of 5 minutes (Table 
3.3). It required 5 minutes mixing for full development of gluten network. Its stability was 11 
minutes which indicated that the dough could tolerate mixing for 11 minutes without 
significant reduction of its amount of network developed. Mixing time from 5 to 11 minutes 
was suitable for the flour in bread making. However, it is worth noticed that the farinograph 
gives only an estimation of suitable mixing time as it considers flour and water mixture only. 
The actual amount of water and mixing time used in bread making can be adjusted by the 
bakers (Cauvain & Young，2001). 
Cracker flour and cookie Hour were soft flour which contained less protein as well as 
damaged starch. Therefore the flour had lower water absorption and a shorter development 
time as well as lower stability (Table 3.3). Crackers and cookies contain much less water than 
bread, and therefore the proteins are not well hydrated during mixing of ingredients. Here, 
they are more tolerant to mixing than bread and the lower stability is therefore acceptable for 
the products. 
Flour containing MP had higher water absorption (Table 3.3). This may due to the high 
water-binding ability of the mushroom fiber. For all the 3 flours, the water absorption of flour 
increased with the percentage of MP proportionally with respect to bread and cracker flour, 
the addition of MP lowered the stability of the flour. The MP-containing flour was therefore 
more sensitive to over-mixing compared to the flour without MP. This can be explained by 
the interactions between fibers and gluten (Chen et al.，1988). The development time for MP-
containing flour was also shorter. Increase in water absorption of flour was also reported with 
the addition of rice, barley, oat and wheat bran (Sudha et al., 2007; Barber et al., 1981; 
Pomeranz et al., 1977). For mixing of bread dough, 5 min mixing time was used for flour 
with all percentage of MP. 
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3.2 Physical characteristics of MP-containing bakery products 
3.2.1 MP-enriched bread 
3.2.1.1 Weight, volume and density 
The weight and volume of each loaf of bread were measured and its density was calculated as 
shown in Table 3.4. Figure 3.1 and Figure 3.2 show the appearance of baked bread. 
According to the results, when % of MP substituted flour in bread dough was 7.5 or higher, 
the volume of the bread was significantly (p<0.05) reduced while the density was 
significantly (/KO.OS) increased. The addition of 7.5% MP and 10% MP decreased loaf 
volume by 7.5% and 10%, respectively. The decrease of bread volume upon addition of MP 
might due to the dilution of gluten protein. Gluten has a significant role in formation of bread 
structure. The interaction of gluten protein allows retention of gas and carbon dioxide formed 
during yeast fermentation can therefore be trapped. When MP which contains no gluten was 
added the percentage of wheat flour and the overall amount of gluten was reduced which 
resulted in lower gas retention ability of the dough. 
Customers generally prefer white bread with higher volume. The reduction of volume is 
therefore undesirable for commercial bakers. Addition of 7.5% or higher MP may require 
alteration of formula to increase the volume of the products. Vital dry gluten and wet gluten 
can be used to fortify the flour in order to increase its gluten protein content. Addition of 
gluten can improve the strength of bread dough, enrich the protein and produce better loaf 
volume and crumb texture (Cornell, 2003). However, it also raises the cost of production. 
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Table 3.4 Weight, volume and density of bread with different amount of MP added 
MPo/o Weight Volume Density 
0 151 ±2.36' 751 ±27.2' 0.201 ±0.010' 
5.0 153 士 1.54a’b 728 士 17.ia’b 0.211 士 0.004幼 
7.5 153 土 2.39a，b 695 士 12.9b，c 0.221 士 0.005b’c 
10 157 士 0.538b 676 士 16.0' 0.233 士 0.006' 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/7<0.05). 
Figure 3.1 Appearance of crumb of bread with different amount of MP added 
Figure 3.2 Appearance of crust of bread with different amount of MP added 
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The weight of bread was significantly (p<0.05) increased when 10% MP was used (Table 
3.4). Referring to the result of farinograph, flour containing MP had higher water absorption. 
In preparation of bread dough, higher amount of water was added. The water-absorbing 
ability of mushroom fiber contributed to the increase in weight and density of bread after 
baking. The MP fiber bound water and prevented water evaporation during baking and 
therefore increased the weight of MP-containing bread. 
Reduction of loaf volume and increase in density were also found in addition of fiber from 
other sources. Addition of 3 % pea fiber promoted 20% volume reduction (Wang et al , 2002). 
Fiber-rich breads, with carob fiber，chicory inulin (Wang et al, 2002)，rice bran (Hu et al., 
209) and hazelnut testa (Anil, 2007) also have smaller loaf volume. 
Color of crust and crumb may also affect customer's preferences. There was a reduction of 
flour content in fiber-enriched bread, so browning of crust due to Maillard and caramelization 
reactions also reduced. Lighter crust color was observed in MP containing bread (Figure 3.1). 
The effect of crumb color depends on the color of fiber sources. Pleurotus tuber-regium has a 
high degree of lightness (Wong & Cheung, 2005) which is expected to have little effect on 
crumb color. Crumb color of MP containing bread was darker than control (Figure 3.2). 
Although white bread is the most common consumed bread, wheat bread is becoming more 
popular. The crumb color of MP-containing bread is similar to wheat bread and may have 
higher acceptance among consumers. 
3.2.1.2 Hardness 
Hardness of bread was measured by peak force (N) with results shown in Table 3.5. The peak 
force measured the maximum compressed force recorded when a probe compresses the bread 
crumb. A high peak force represents higher firmness of bread crumb. 
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Fiber-enriched bread had poorer gas retention ability and higher density. This may increase 
the firmness of bread crumb. The texture analysis revealed that MP-containing bread seemed 
to have higher crumb firmness than the control, but the difference was not significant 
(p>0.05). The crumb firmness was still comparable in MP containing bread. 
Table 3.5 Hardness of bread crumb with different amount of MP added 
MP% Peak force (N) 
0 2.359 ± 0.295 ‘ 
5.0 2.536 士 0.566 a 
7.5 3.124 ±0.525' 
10 3.018 士 0.519a 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/7<0.05). 
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3.2.2 MP-enriched crackers 
3.2.2.1 Weight, dimensions and thickness 
Table 3.6 shows the weight, dimensions and thickness of crackers with different percentage 
of MP. Crackers containing 10% MP were significantly (p<0.05) lighter than the control. 
Water loss of cracker dough during baking was higher for MP containing crackers and this 
reduced the weight of the finished products. 
Crackers with 7.5% and 10% MP were thinner than the control. The reduction of thickness 
was due to the dilution of gluten in flour. Gluten development trapped gas produced during 
fermentation. When some wheat flour was substituted by MP, the dough had less gluten for 
structural formation and retained less gas, reducing the thickness of crackers. The reduction 
of thickness may also due to the reduction of moisture in the dough of crackers. As the 
moisture content of crackers is much lower than that of bread, not all gluten protein can be 
hydrated. The presence of MP bound water further lowered the water available for hydration 
of gluten protein, thus also inhibited the formation of gluten network. 
Figure 3.3 shows the appearance of baked crackers. Degree of whiteness is a less important 
quality attribute in crackers than that of bread. It was observed that the crackers containing 
MP had lower degree of whiteness than the control; this was due to the color of MP added. 
The leavening of crackers containing MP was less even. The evenness was greatly affected 
when 10% MP was used and this might affect the acceptance of consumer. This may due to 
the interaction of fiber and gluten which decreases the gas retention ability of the dough and 
negatively affects the puffmess of the crackers. 
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Table 3.6 Weight, dimensions and thickness of crackers with different amount of MP added 
MP% Weight (g) Width (cm) Length (cm) Thickness (mm) 
0 3.53 ±0.17"'' 5.00 ±0.67 5.41 ±0.52 0.80 ± 0.080' 
5.0 3.57 士 0.24a 4.97 士 0.68 5.33 土 0.44 0.78 士 0.065" 
7.5 3.29 士 0.15b’c 4.97 ±0.44 5.35 士 0.10 0.68±0.06lb 
10 3.26 士 0.17' 4.97 士 0.07 5.32 士 0.47 0.61 士 0.085b 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's, /7<0.05). .. 
Figure 3.3 Crackers with different amount of MP added 
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3.2.2.2 Volume 
The development structure of crackers, which is known as oven spring, during baking 
involves chemical reactions of ingredients in the dough. It includes the heating of starch and 
protein for swelling, gelatinization, denaturation and setting to occur; liberation of gases from 
leavening chemicals; expansion of bubbles and increases the water vapour pressure within 
bubbles; rupture and coalescence of bubbles; migration and loss of moisture; increase of 
sugar solution concentration; reduction in consistency of sugar solutions and fat (Manley, 
2000). 
Table 3.7 shows the volume of crackers with different % of MP. Volume of crackers with 
7.5% was significant (p<0.05) lower than that of control. The reduction of volume was due to 
the lower level of gluten and poorer gas retention ability. This retarded the formation of an 
open porous structure which is unique in crackers. During baking, bubbles of gas and water 
vapour are formed which expand and result in a large reduction in density of the dough. The 
formation of the open porous structure is known as oven spring (Manley, 2000). The presence 
of MP interrupted the chemical reactions during baking and therefore reduced oven spring of 
products. Maximizing oven spring is important in providing eating texture of crackers. A 
reduction of volume may be less preferable for consumers. 
Table 3.7 Volume of crackers with different amount of MP added 
MPo/o Volume (cm') 
0 8 土 2 " 
5.0 8 土 2a 
7.5 5 士 2b 
1 0 6 士 




Hardness of crackers was measured by peak force (N) with results shown in Table 3.8. 
Crackers with 7.5 and 10% MP required significant less force for breakage. MP-containing 
crackers were crispier than the control. Although crispiness of crackers is a desirable 
characteristic, very crispy products may cause difficulty in handling prior to packaging and 
need modification in packaging. 
Table 3.8 Hardness of crackers with different amount of MP added 
MP% Peak force (N) 
0 1.58 ±0 .16” 
5.0 1.62±0.250a 
7.5 1.21 士 0.106b 
10 1.09 ±0.167" 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/><0.05). 
3.2.2.4 Moisture 
Table 3.9 shows the moisture of crackers with different percentage of MP. No significant 
difference was found in the moisture of crackers with different percentage of MP. 
Moisture loss takes place at the surface of dough during baking. Development of color takes 
place at the same time. The moisture level of dough piece is usually reduced to 1-4 % 
(Manley, 2000). Migration of moisture continues to occur during drying. If the moisture 
gradient remains large after the crackers leave the oven, migration of moisture from wetter 
areas to drier areas causes high shrinkage stress and formation of cracks. This is known as 
checking which is undesirable. Therefore, the moisture content of final products should be 
monitored. Crackers with high moisture are less crispy. 
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Too low in moisture is also undesirable. If the surface is heated too much and dough dries too 
rapid, chars and bums will be resulted. The color change is permanent, and bums may 
negatively affect the taste. As bums were found at edges of crackers with 10% MP (Figure 
3.3), it suggested that crackers with high MP% were sensitive to over baking. This can be 
explained by the reduction of thickness. Alteration of baking conditions may be required for 
MP-enriched crackers in order to reduce bums. 
Table 3.9 Moisture of crackers with different amount of MP added 
MPo/o Moisture (%) 
0 2.77 士 0.952 ‘ 
5.0 2.53 ±0.510a 
7.5 1.95 ± 0.144 a 
10 2.00 ±0.780 a 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/7<0.05). 
6 7 
3.2.3 MP-enriched cookies 
3.2.3.1 Weight, thickness and diameter 
Table 3.10 shows the thickness, diameter and spread ratio of cookies with different 
percentage of MP. The size of cookies significant (p<0.05) reduced upon addition of MP. The 
diameters of cookies were reduced by 0.1 to 0.2 %. Cookies with 7.5% and 10% MP were 
also thicker and had lower spread ratio than the control. 
Cookie dough spread during baking. The dough expands laterally and vertically. Low level of 
water and high level of shortening used in cookie formula reduces the hydration of proteins in 
the flour. This minimizes the development of gluten. The diameter of cookies from excellent 
flour should be larger than poor flour; the height of cookies from excellent flour should be 
smaller than poor flour (Kulp, 1994). That is to say, the spread ratio which is calculated by 
dividing diameter by thickness of cookies should be higher. A good cookie spreads more and 
raises less, therefore having a higher spread ratio. The addition of MP, therefore, negatively 
affected the quality of cookies. Reduction of spread ratio was also found in wire-cut cookies 
with addition of 30% apple fiber and 15% or higher level of lemon fiber and wheat bran 
(Uysal et al., 2007). 
It has been proposed that the cross linkage of proteins by formation of disulfides takes place 
during baking and this is responsible for the spreading of cookie dough. The presence of MP 
interrupted the formation of protein linkage and therefore reduced the spreading of cookie 
dough. The change of size of fiber-enriched cookies is important to manufacturer, as it may 
require new packaging and therefore adding the manufacturing cost. 
Figure 3.4 shows the appearance of cookies with different MP percentage. It can be observed 
that the MP-containing cookies had lighter color. This was possibly due to the reduction of 
starch presented in the dough and browning due to Maillard and caramelization reactions also 
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reduced. Brown color of cookies is an important factor for the acceptance of consumer. 
Cookies with lighter color are generally less preferred. However, as cookies may include a 
wide range of ingredients, such as flavours and icings, the lighter color of the cookies may be 
an advantage in some of the products. 
Table 3.10 Thickness, diameter and spread ratio of cookies with different amount of MP added 
MP % Thickness (cm) Diameter (cm) Spread ratio 
0 0.92 ± 0.027a 8.0 ± 0.056' 8.6 士 0.23' 
5.0 0.94 士 0.026a 7.9 士 0.06lb 8.3 士 0.234b 
7.5 0.97 土 0.0354b 7.8 士 0.109b 8.0 土 0.26b 
10 1.03 ±.0044b 7.8 士 0.06lb 7.6 土 0.34c 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's, p <0.05). 
Figure 3.4 Appearance of cookies with different amount of MP added 
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3.2.3.2 Hardness 
Hardness of cookies was measured by peak force (N) with results shown in Table 3.11. 
Cookies containing 10% MP were significantly (/7<0.05) softer than the control. This may 
due to the water-binding ability of mushroom fiber in MP which reduced the water 
evaporation during baking. In crackers, moisture in final products is very low. However, 
cookies contain a relatively larger amount of moisture. MP-containing cookies contained 
higher moisture in finished products and were less crispy. 
Table 3.11 Hardness of cookies with different amount of MP added 
MPo/o Peak Force (N) 
0 36.1 ± 7.43a 
5.0 29.1 士 6.01 � b 
7.5 28.4 士 9.05 本 b 
10 23.9 士 2.22b 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey，s，p<0.05). 
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3.2.4 Extrudates of MP-enriched pastry flour 
Ten percent (w/w) MP which is rich in fiber was added to pastry flour for fiber-enrichment. 
The MP-flour blend was extruded using a twin-screw extruder. The products produced were 
known as extrudates. Extrusion cooking has been used increasingly in the production of food, 
such as breakfast cereals and snacks (Anderson et al.，1969; Meuser & van Lengerich, 1992). 
Wheat flour has been widely used in extrusion industries (Ding et al.，2006). However, small 
variation in processing conditions affects product quality (Desrumaux et al., 1999). The effect 
of process variables on wheat extrudates have been studied (Ding et al., 2006; Ali et al., 1996; 
Anderson et al., 1969; Harper, 1979; Mercier & Feillet, 1975). Pastry flour instead of hard 
flour was used for the study as pastry flour had lower water absorption and therefore can be 
extruded at lower moisture. 
3.2.4.1 Expansion ratio 
Table 3.12 shows the expansion ratio of extrudates in different extrusion conditions. The 
mean expansion ratio of extruded pastry flour without MP and with 10% MP under different 
extrusion conditions were 3.59 士 0.26 and 3.07 士 0.39, respectively. The expansion ratio of 
extruded pastry flour with 10% MP was significantly lower than the control (/7<0.05). Figure 
3.5 shows the appearance of extrudates. Table 3.13 shows the expansion ratio of some 
extruded products. The extrudates had higher expansion ratio than extruded com meal with 
crab leg and extruded rice flour with fish powder but a lower expansion ratio than extruded 
com grit. 
Expansion of extruded flour is achieved by rapid decrease of pressure and loss of moisture 
when raw materials are discharged out from the die. The extrudate develops a rigid and 
porous structure upon cooling. Gelatinization of starch plays an important role in expansion 
of extruded materials. Water breaks up the amylose crystallinity of starch granules. Starch 
granule swells and amylose starts diffusing out when heated. When heating continues, more 
water attaches themselves to the exposed hydroxyl groups on the starch chain. A colloidal gel 
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structure forms when the amylose supports the collapsed granules. The collapsed granules 
consist mostly of amylopectin (Harper, 1981). Starchy materials act as biopolymers and 
bubbles of water vapour form foam. When superheated water is released at die where the 
pressure fall rapidly, bubbles expand. The loss of moisture rigidifies the structure of the 
biopolymers. This creates a well-expanded cellular structure. As degree of gelatinization 
increases, the expansion ratio of the products increases (Mercier & Feillet, 1975). 
The expansion of extrudates depends on the sources and amount of starch as well as the 
extrusion condition used. MP-containing flour had lower amount of starch and hence 
expansion reduced as less biopolymers were available. Shrinkage was therefore resulted 
before the structure of extrudate was set. Fiber also ruptured cell walls formed by bipolymers 
and prevented air bubbles from expanding, reducing the expansion ratio. 
Studies on extrusion of different fiber sources reported similar effects. Table 3.14 
summarizes the effect of addition of other sources of fiber on the expansion ratio of 
extrudates. When compared to other raw materials, wheat flour required higher temperature 
to achieve significant expansion during extrusion (Chaing & Johnson, 1977). This may due to 
the presence of wheat proteins. Physical competition between protein coagulation into a 
continuous network and starch gelatinization will take place in wheat flour extrusion (Ding et 
al., 2006). This lowers the degree of gelatinization of starch and thus the expansion ratio of 













































































































































































































































































































































































Figure 3.5 Appearance of extrudates containing 0% MP and 10% MP extruded at different conditions 
Extrudates containing no MP 
A: 130°C/25% moisture/250rmp; B: 130°C/25% moisture/350rmp; C: 130°C/20% moisture/350rmp; 
D: 130°C/20% moisture/250rmp; E: 150®C/25% moisture/250rmp; F: 130°C/25% moisture/350rmp; 
G: 150°C/20% moisture/350rmp; H: 150°C/20% moisture/250rmp; 
Extrudates containing 10% MP 
MA: 130°C/25% moisture/250rmp; MB: 130°C/25% moisture/350rmp; MC: 130°C/20% moisture/350rmp; MD: 
130°C/20% moisture/250mip; ME: 150X/25% moisture/250rmp; MF: 130°C/25% moisture/350rmp; 
MG: 150°C/20% moisture/350rmp; MH: 150°C/20% moisture/250rmp; 
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3.2.4.2 Density 
Table 3.12 shows the density of extrudates in different extrusion conditions. The mean 
density of extruded pastry flour without MP and with 10% MP under different extrusion 
conditions was 0.174 士 0.074 g/cm^ and 0.187 士 0.064 g/cm^, respectively. No significant 
difference {p >0.05) was found between two groups. 
Density of products is an important factor for manufacturing expanded snack and ready-to-eat 
cereals. A change in product density may require changes in packaging which adds cost to 
manufacturer. Density is related to the expansion ratio of the extruded products. Products 
with higher expansion ratio have lower density. Yet, addition of MP to wheat flour extruded 
products did not have significant changes in density. This can be an advantage for MP to be 
used for fortification in extruded products. 
3.2.4.3 Hardness 
Hardness of extrudates was measured as peak force (N) with results shown in Table 3.12. The 
mean peak force of compression for extruded pastry flour without MP and with 10% MP 
under different extrusion conditions was 772 士 267 N and 872 士 176 N，respectively. No 
significant difference {p> 0.05) was found between two groups. 
Expanded products have a porous structure which provides a crispy texture. The peak force 
recorded by texture analyzer reflected the force required for breakage of extrudate. An 
increase in peak force indicates an increase in hardness. Harder products are usually less 
crispy. Expanded snack products and ready-to-eat cereals generally require a crispy texture. 
As there was no significant difference between two groups of extrudates, the crispiness of 





















































































































































































































































































































































































































































































































































































































































3.2.4.4 Water absorption index (WAI) 
Table 3.15 shows the WAI of extrudates in different extrusion conditions. The mean WAI of 
extruded pastry flour without MP and with 10% MP under different extrusion conditions was 
6.25 士 0.27 and 5.33 士 0.66 g/g, respectively. WAI of extruded pastry flour with 10% MP 
was significantly lower than that of control (p<0.05). Similar results were found in 
incorporation of pea grits to rice flour (Singh et al., 2007). WAI of other extrudates are 
shown in Table 3.13. MP-containing extrudates had a comparable WAI to extruded flour with 
brewer's spent grain and red cabbage. 
WAI reflects the water absorption of extruded products when soaked in aqueous solvent. A 
higher value of WAI represents a larger amount of water absorbed by the extrudate at a given 
time period. The water absorbing ability of extruded products is mainly due to gelatinization 
of starch. The dilution of starch in MP containing flour therefore lowered the WAI of the 
extruded products. 
Some cereal products such as noodles and breakfast cereals are usually consumed with water 
or milk. Soaking extruded products in water may result in changes of mouth-feel. 
Considering ready-to-eat breakfast cereals as an example, absorption of water decreases the 
crispiness and increases the softness of the extruded products. Products with high WAI is 
undesirable because it softens quickly when milk is added, resulting in a crispy texture. 
Immediate consumption of the breakfast cereals is preferred after adding milk. This brings 
inconvenience to consumers and lowers the competitiveness of the products. Having a lower 
WAI, MP-containing extruded pastry flour may be desirable for similar products. 
Extrusion causes gelatinization of starch which absorbs water. As MP-containing flour 
contained less starch, it had lower amount of gelatinized starch after extrusion. Less amount 




























































































































































































































































































































3.2.4.5 Water solubility index (WSI) 
Table 3.15 shows the WSI of extrudates in different extrusion conditions. The mean WSI of 
extruded pastry flour without MP and with 10% MP under different extrusion conditions was 
0.185 士 0.046 and 0.248 士 0.067, respectively. No significant difference was found between 
two groups. As there was no significant difference between extruded products without and 
with MP, 10% MP-containing pastry flour can be possibly used to replace pastry flour 
extruded products with little effect on WSI. 
WSI is often used as an indicator of degradation of molecular components (Kirby et al., 
1988). WSI reflects the loss of soluble substances of extruded products when soaked in 
aqueous solvent. A higher value of WSI represents a larger amount of substances lost at a 
given time period. For products required boiling in soap, loss of soluble substances may 
result in loss of nutrients. As cooking water is not usually consumed, substances lost during 
cooking decreases the nutrient content of the consumed products. Therefore, extruded 
products with high WSI are less suitable for the purpose. WSI is less important to other 
products, such as breakfast cereals. As the milk for soaking cereals is usually consumed, the 
substances solubilise in milk will be consumed and loss of nutrients is small. 
Table 3.13 shows WSI of other extruded products. Extrudates in the present experiment both 
without and with MP had higher WSI. This may due to the more severe condition that was 
higher barrel temperature and higher screw speed used for extrusion. Greater extent of 
degradation of materials was resulted and increased amount of water soluble substances in 
extrudates. 
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3.2.4.6 Effect of extrusion condition on physical attributes of extrudates 
Temperature 
Two barrel temperatures, 130 °C and 150 °C, were used for extrusion in the experiment. The 
physical attributes of extrudates extruded with the two different temperatures are shown in 
table 3.16. The mean expansion ratio, density, peak force, WAI and WSI of extrudates with 
variation in temperature, total moisture content and screw speed was shown in Table 3.19. 
The expansion ratio of extruded products containing 10% MP using higher temperature was 
lower than that using lower temperature. Temperature had no effect on other physical 
properties. Decrease in expansion ratio with increasing temperature has also been reported for 
extrusion of maize flours (Harper & Tribelhom，1992; Mendonca et al., 2000). This may be 
due to the increased dextrinization and weakening of structure at higher temperature 
(Mendonca et al., 2000). 
Moisture 
The variation of moisture affected physical attributes most. Two total moisture contents，20% 
and 25%, were used for extrusion. The physical attributes measured for different moisture 
used are shown in Table 3.17. According to the result (Table 3.19), increase in moisture 
content significantly (p<0.05) decreased the expansion ratio for both extrudates with and 
without MP. Similar results have been reported in studies using different raw materials, such 
as com meal, rice flour, wheat flour and oat flour (Obatolu et al., 2005; Singh et al., 2007; 
Pansawat et al., 2008; Singh and Smith, 1997). Moisture reduces the friction within dough 
and reduces the dough temperature (Kokini et al., 1992). Low moisture content in feed may 
restrict flow of material and increase shearing rate and residence time. This results in a higher 
degree of gelatinization and expansion (Chinnaswamy & Hanna^ 1990). 
Product density and expansion ratio are closely related. As the expansion ratio of extruded 
products at lower moisture has a significantly higher expansion ratio, the density of products 
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with low moisture is significantly lower than that with high moisture (Table 3.19). Products 
expanded to a larger extent have more porous structure and are crispier. 
Increase in moisture significantly increases the hardness of the extruded products. Increase in 
hardness has also reported in production of wheat-based snack (Ding et al.; 2006). This result 
is in line with the decrease of expansion ratio and increase of density of extrudate. 
A significantly higher WSI was found for extruded products with MP extruded at lower 
moisture. Similar results have been reported for starch, maize grits, pea fiber and wheat 
(Kirby et al., 1998; Delia valle et al., 1994; Singh and Smith, 1997). The increase of WSI 
may due to the higher degree of dextrinization when the restriction of flow and shearing force 
is high at low moisture. Molecular sizes decrease resulted in higher solubility. 
Screw speed 
The variation of screw speed had no significant effect physical attributes of extruded products. 
The physical attributes of extrudates extruded with the two different screw speeds are shown 
in Table 3.18. According to the results (Table 3.19)，change of screw speed had no significant 
difference in expansion ratio, density, peak force, WAI and WSI. 
In other studies of extruded wheat-based food, increase in screw speed decreased the density 
of extruded products. Higher screw speeds (320 rpm compared to 180 rpm) may be expected 
to lower melt viscosity of the mix increasing the elasticity of the dough and thus the density 
(Fletcher et al, 1985; Ding et al, 2006). Increase of screw speed decreased expansion ratio in 
extrusion of crab-based snack (Obatolu et al.，2005). Such effect was not observed in the 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.3 Dietary fiber content in MP-containing bakery products 
3.3.1 MP-enriched bread 
The total dietary fiber (TDF) content of bread containing 0，5.0，7.5 and 10% MP is shown in 
Table 3.17. According to Wong and Cheung (2005), sclerotia of Pleurotus tuber-regium 
(PTR) contains 81.7% of TDF. MP-containing flour was the main ingredient used in bread 
making, which was up to 90% of the dry weight of bread dough. Addition of 5, 7.5 and 10% 
MP therefore added approximately 3.6, 5.5 and 7.4% of TDF respectively to the MP-enriched 
bread. The TDF results in Table 3.17 obtained were consistent with the expected TDF value 
calculated. The amount of MP added to bread dough and the TDF content of bread has a 
positive linear relationship (Pearson's coefficient, r^=0.994). The interaction of ingredients 
and the processing of bread seemed to have no significant effect on the TDF content of the 
bread dough. Fiber of PTR is considered as stable for mixing, fermentation and the high 
temperature (215 °C) during bread-making. Sclerotia of PTR are therefore a possible source 
fiber for fortification of white bread. TDF % of fresh weight was calculated for convenience 
in food labelling. 
Table 3.17 TDF content of bread with different amount of MP added 
TDF % TDF% 
MP% Expected TDF %* Moisture % 
(dry weight) (fresh weight) 
0 “ 4.20 ± 0.62 34J 
5 7.8 8.23 土 0.37 35.8 5.28 
7.5 9.7 9.61 土 0.55 36.1 6.14 
10 11.6 12.3 ±0.40 37.3 7.71 
•Calculation based on TDF content in PTR (Wong & Cheung, 2005) 
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3.3.2 MP- enriched crackers 
The total dietary fiber (TDF) content of crackers containing 0, 5.0, 7.5 and 10% MP are 
shown in Table 3.20. Compared to bread, crackers contain a larger amount of ingredients 
other than flour. In the cracker formula used, MP-containing flour made up 80% of the dry 
weight of cracker dough. Addition of 5, 7.5 and 10% MP contributed approximately 3.3，4.9 
and 6.5% of TDF, respective to the crackers. The experimental TDF content (Table 3.19) 
obtained was consistent with the expected value. No significant change in TDF% was found 
in cracker dough during processing. The amount of MP added to cracker dough and the TDF 
content of crackers has a positive linear relationship (Pearson's coefficient, r^=0.988). Fiber 
of PTR is considered as stable for mixing, fermentation and the high temperature (265 °C) 
during cracker-making. Sclerotia of PTR are therefore a possible source fiber for fortification 
of cracker. TDF % of fresh weight was calculated for convenience in food labelling. 
Table 3.20 TDF content of crackers with different amount of MP added 
TDF% 
MP% Expected TDF %* Moisture % 
(dry weight) (fresh weight) 
0 “ 7 . 4 5 士 0 . 9 5 2 . 7 7 士 0 . 9 5 2 ^ 
5.0 10.8 10.7 士 0.90 2.53 ±0.510 10.4 
7 . 5 1 2 . 4 12.2 士 0.88 1 . 9 5 士 0.144 12.0 
1 0 1 4 . 0 1 4 . 8 士 0 . 7 5 2 . 0 0 土 0 . 7 8 0 1 4 . 5 
•Calculation based on TDF content in PTR (Wong & Cheung, 2005) 
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3.3.3 MR-enriched cookies 
The total dietary fiber (TDF) content of cookies containing 0，5.0, 7.5 and 10% MP is shown 
in Table 3.21. Cookies contain a large amount of fat and sugar. Compared to bread and 
crackers, cookies are made up of a wider range of ingredients. In the formula used, MP-
containing flour made up 53% of the dry weight of the cookie dough. Addition of 5，7.5 and 
10% MP contributed approximately 2.0, 3.2 and 4.3% of TDF, respectively to the cookies. 
The TDF content obtained was consistent with the expected value obtaining calculation. No 
significant change in TDF% was found in cookie dough during processing. The amount of 
MP added to cookie dough and the TDF content of cookies has a positive linear relationship 
(Pearson's coefficient, r =0.988). Fiber in MP is considered as stable during mixing and 
higher temperature during cookie-making. Sclerotia of PTR are therefore a possible source 
fiber for fortification of cookie. 
Table 3.21 TDF content of cookies with different amount of MP added 
TDF% TDF% 
MP% Expected TDF% * Moisture % 
(dry weight) (fresh weight) 
0 “ 1.70 ±0.27 2.38 ±0.61 \ M 
5.0 3.7 3.44 ±0.32 3.49 士 0/72 3.32 
7.5 4.9 4.84 ±0.42 3.34 士 0.53 4.68 
10 6.0 5.59 士 0.06 4.40 士 0.48 5.34 
•Calculation based on TDF content in PTR (Wong & Cheung, 2005) 
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3.3.4 Extrudates produced from MP-enriched pastry flour 
The TDF, SDF and IDF contents of pastry flour without and with MP added which were 
extruded with different extrusion conditions are shown in Table 3.22. The TDF content of 
pastry flour without and with MP added before extrusion was 2.60 and 10.08 %, respectively. 
The mean TDF content of pastry flour without and with MP after extrusion (under different 
extrusion conditions) was 1.96 士 0.46 and 8.98 士 1.00 %, respectively. A decrease of TDF% 
was found in both groups of samples. 
The SDF content of pastry flour without and with MP added before extrusion was 0.36 and 
0.49% respectively. The average SDF content of pastry flour without and with after extrusion 
(under different extrusion conditions) was 0.66 士 0.20 and 1.24 士 0.18，respectively. The IDF 
content of pastry flour without and with MP before extrusion was 1.42 and 8.91% 
respectively. The average IDF content of pastry flour without and with after extrusion (under 
different extrusion conditions) was 0.92 士 0.12 and 6.46 士 0.51, respectively. Cooking 
extrusion reduced the IDF content increased the SDF content of pastry flour both without and 
with MP. 
The increase of SDF may due to the transformation of some IDF into SDF during extrusion. 
Shift from IDF to SDF of extruded white wheat has been reported (Bjork et al., 1984). 
Reduction of IDF and increase in SDF has also been reported in extrusion of sugar beet pulp 
fiber, which was shown from the reduction of molecular weight of pectin and hemicelluloses 
(Ralet et al, 1993). The large shearing force during extrusion can degrade/depolymenize 
large molecules, causing a reduction of the size and increase of solubility of the biopolymers. 
A decrease in the molecular weight of the fiber during extrusion may explain the decrease of 
TDF. Smaller fiber fragments may be more soluble in aqueous ethanol and cannot be 

























































































































































































































































































































Considering the effect of extrusion condition on the fiber content of the products, the barrel 
temperature used for extrusion has a significant effect on the SDF content of the extruded 
products. In extrusion of pastry flour without MP, an increase of barrel temperature from 
130°C to 150°C significantly increased (p< 0.05) the SDF content of the extruded products 
from 0.50 士 0.12 to 0.80 士 O.lOo/o. This may be due the larger extent of molecular weight 
reduction at higher operation temperature. No significant effect was found in other extrusion 
parameters. 
0 0 
3.4 Nutritional evaluation of extrudates using rat model 
3.4.1 Weight of animals 
Three diets including a control diet and two diets containing extrudate without and with MP 
enrichment were used in the experiment which had similar protein and TDF content (Table 
2.4 in Section 2.7.2). The diets were well accepted by the rats and the change of behaviour or 
appearance of the animals was observed. During the experimental period, all the rats remain 
healthy. Table 3.23 shows the weight gain and food intake of the rats during the experimental 
period. No significant differences (p>0.05) in weight gain and food intake were found 
between groups. 
Table 3.23 Weight gain and food intake of rats fed diets incorporated with 
extrudates containing 0% and 10% MP. 
Initial weight (g) Weight gain (g) Food intake (g) 
Control diet *145±7.98a 77.8 士 4.10a 158 士 
Extrudate-based diet 142 士 5.49 a 77.7 士 2.39 a 146 士 7.25 a 
MP-extrudate-based diet 145 土 8.63 a 77.1 士 6.45 a 154 士 10.6 a 
•Mean 土 SD (n=8) 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/7<0.05). 
3.4.2 Weight of vital organs 
When the rats were killed on day 12, selected organs were removed, cleaned, blotted dried 
and weighed. The mean weights of organs of the three groups are shown in Table 2.24. There 
was no significant difference (p>0.05) in the weights of caecum, kidney and liver between 
groups at the end of the experiment. There was no observed difference for the appearance of 
caecum, kidney and liver between groups (Data not shown). Substituting pastry flour with 
extruded flour and MP-containing extruded flour had no observable effect on the growth of 
the rats. 
Table 3.24 Organ weight of rats fed diets incorporated with extrudates containing 0% 
and 10% MP 
Caecum weight (g) Kidney gain (g) Liver weight (g) 
Control diet *0.69±0.16a 2.0 士 0.15 a 12 士 0.62 a 
Extrudate-based diet 0.73 士 0.069 ‘ 2.0 ± 0.092 ‘ 11 士 0.75 ^ 
MP-extrudate-based diet 0.77 士 0.14" 2.0 土 0.12 ^ 10 士 1.4a 
*Mean ± SD (n=8) 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey's,/7<0.05). 
3.4.3 Nitrogen balance experiment 
A 5-day nitrogen balance experiment was carried out during day 4 to day 8. The nitrogen 
intake of animal (Nj), the nitrogen excreted in faeces of animal (NFi), the nitrogen excreted in 
urine of animals (NUi) was determined. The true digestibility (TD), biological value (BV) 
and net protein utilization (NPU) were calculated. Table 3.25 shows the results of the 
nitrogen balance experiment. 
TD of MP-extrudate-based diet group was significantly (p<0.05) lower than the other two 
groups. Presence of MP reduced the protein digestibility of the diets because MP-fiber may 
hinder the digestion and absorption of protein. BV and NPU of MP-extrudate-based diet 
group were not significantly different (p>0.05) from the other two diet groups. All of the diet 
had similar amount of utilized protein. Addition of MP to rat diet did not have observable 




























































































































































































































3.4.4 Serum lipid profile 
Total cholesterol (TC)，high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C) and triglyceride (TG) of serum of rats were determined. Results are 
shown in Table 3.26. 
Table 3.26 Serum lipid profile of rat fed diets incorporated with extrudates containing 
0% and 10% MP 
TC (mg/dl) HDL-C LDL-C TG (mg/dl) 
(mg/dl) . (mg/dl) 
Control diet *78.5±18.3^ 19.1 ±6 .03 ' 63.6 ±21 .9 ' 130 ±47 .4 ' 
Extrudate-based diet 63.2 士 6.15 a 19.3 士 3.57" 44.9 ±5.85" 172 ±63.1" 
MP-extrudate-based diet 70.5 土 12.6 a 17.7 士 5.85 ‘ 52.8 ± 12.8 ‘ 108 ±46 .1 ' 
•Mean 士 SD，(n=8) 
Different superscripts of the same column indicates significant difference found between groups (ANOVA, 
Tukey’s，p<0.05). 
Hypercholesteromia is caused by increased concentration of LDL-C, very low-density 
lipoprotein cholesterol (VLDL-C). High level of VLDL results in elevated TG. High TG and 
high LDL are therefore predictors of increased cardiovascular risk while increase blood 
concentration of HDL-C predicting reduced risk (Chen et al, 2009; Reyna-Villasmil et al, 
2007). 
The TC and LDL-C lowering effect of p-glucan which is a polysaccharide that consists of 
glucose residues joined by beta linkage (Sadiq-Butt et al, 2008) has been reported for rats, 
hamsters and chicken (Kalra & Jood, 1998; Drzikova et al, 2005; Kahlon et al, 1993; 
Newman et al, 1992). Barley and oat bran which contained high amount of soluble p-glucan 
was used in the studies. It has been hypothesized that the soluble |3-glucan tends to increase 
intestinal viscosity due to its low molecular weight and tendency to form viscous solutions. 
% 
Reduction of bile acid and cholesterol production and increase in fecal fat bile acid excretion 
are resulted, lowering the level of plasma cholesterol (Kahlon et al. 1993; Newman et al, 
1987). 
The lowering effect of TC and LDL-C has also been reported for two edible mushrooms, 
Auriculaha auricular and Tremella fuciforms (Cheung, 1996b). Sclerotia of PTR are rich in 
insoluble p-glucan (Wong & Cheung, 2005) and are expected to have lowering effect in 
serum TC and LDL-C. No significant difference (p>0.05) was found in lipid profile between 
the three groups in the present study. This may due to the short duration of feeding period. A 
longer period of experiment may be required for the effect of P-glucan in sclerotia of PTR. 




Concerning the properties of wheat flour dough upon addition of mushroom powder (MP) 
from sclerotia of Pleurotus tuber-regium (PTR), the water absorption and development time 
increased and the stability of dough decreased with the increasing amount of MP added. The 
effect of MP from sclerotia of PTR has similar effect on dough rheology as other sources of 
dietary fiber (DF), such as barley and oat bran. Addition of MP increased the water 
absorption and decreased the stability of dough. Rheology of bread dough can be further 
studied in more details by using alveograph，rapid viscosity alveograph (RVA) and 
extensograph. 
Addition of MP to three bakery products, bread, crackers and cookies at 5% level has little 
effect on their physical attributes. The addition of 7.5 or higher % of MP adversely affected 
the baking qualities of bread, crackers and cookies. Upon addition of 7.5 or higher % of MP, 
loaf volume was significantly (p<0.05) decreased while density of bread was significantly 
(p<0.05) increased. Crackers with 7.5 or higher % of MP were lighter and significantly 
(/?<0.05) thinner than the control. Crispness of crackers was significantly (p<0.05) increased 
with the amount of MP added. Significant (p<0.05) decrease in spread ratio of cookies was 
found when 7.5 or higher % of MP was added. Cookies with 10% MP were significantly 
(p<0.05) thicker and softer than the control. The effect of addition of MP on physical 
attributes of bakery products might be due to the dilution of gluten protein which is vital for 
structural formation in dough. No significant (p>0.05) reduction of TDF was found during 
the processing of the three bakery products. DF from sclerotia of PTR is therefore found to be 
stable to mixing, fermentation and the high temperature during baking. This makes sclerotia 
of PTR a possible source of DF for bakery products. 
For development of high-DF products enriched with MP from sclerotia of PTR, modification 
of formula may be required if high % (>7.5%) MP is used. Gluten and enzyme, such as 
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xylanase and hemicellulase, can be added to reduce the firmness of crumb and increase the 
volume of high DF-containing bread. Since sensory quality of MP-containing bakery 
products, such as tastes, mouth-feel, has not been investigated in the present study, sensory 
tests can be carried out to evaluate the acceptance of consumers. Moreover, as SDF and IDF 
have different physiological effect, measurement of SDF and IDF in MP-containing bakery 
products could give a more comprehensive picture for the possible change of DF during 
baking. 
Extrusion parameters affected the physical attributes of wheat-based MP-containing extruded 
products. Increase of temperature significantly (p<0.05) reduced the expansion ratio of MP-
containing extrudates. MP-containing as well as non-MP-containing extruded products 
extruded at lower moisture content had significant (p<0.05) higher expansion ratio than those 
extruded at higher moisture content when hardness of extrudates significantly 0^0.05) 
decreased. Significant (p<0.05) higher water solubility index (WSI) and lower density of 
non-MP-containing extrudates was found when lower moisture content was used for 
extrusion. No significant difference (p>0.05) was found between MP-containing and non-
MP-containing products extruded at different screw speed. The addition of MP significantly 
(p<0.05) lower the expansion ratio and water absorption index (WAI) of the extruded 
products. 
The TDF and IDF content of both MP-containing and non-MP-containing extrudates 
decreased while SDF content increased during extrusion. This may be due to the degradation 
and hence the reduction of molecular weight in DF by the higher temperature and shearing 
force during extrusion. Further studies can be done on the composition of DF in the extrudate 
for investigation of the degradation of DF during extrusion. Moreover, as sclerotia of PTR are 
rich in p-glucan, degradation of P-glucan may result in reduction in size and increase its 
solubility in ethanol. These molecules cannot be precipitated during the DF analysis and may 
9 9 
result in an underestimation in TDF and SDF content. The molecular weight profile of P-
glucan in the extrudate can also be further investigated by HPLC. 
In nutritional evaluation of extruded products, no significant (p>0.05) was found in the serum 
lipid profile between rats feeding with the MP-extrudate-based diet, extrudate-based diet and 
control diet. This may be due to the short duration of feeding period and further animal 
experiments can be carried out for longer period. Furthermore, liver cholesterol, bile acids 
and fecal neutral steroids can also be measured to further studying the cholesterol lowering 
effect of MP when incorporated in the animal diets. 
Mushroom shows some antioxidant activity in relation to the presence of phenolic 
compounds (Lo and Cheung, 2005). Antioxidation activity of these mushroom phenolic 
compounds may be affected by the chemical changes induced in these substances during 
extrusion process. Further studies on the change of antioxidation activity of MP-enriched 
extruded products may be useful to further evaluate the potential application of MP as a 
functional ingredient in the food industry. 
inn 
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